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(54) Electronic device and method of controlling the same 



(57) The invention provides an electronic device ca- 
pable of increasing a braking torque of an electric power 
generator without causing a significant reduction in elec- 
tric power generated by the electric power generator. 
Preferably; an electronically controlled mechanical 
clock includes an electric power generator 20 for con- 
verting mechanical energy transmitted from a spring via 
a wheel train to electrical energy and a rotation controller 
for controlling the rotation p.exiod of the electric power 
generator 20. The rotation controller includes switches 
21 and 22 capable of connecting two terminals of the 
electric power generator into a closed loop state, a chop- 
ping signal generator for generating two or more types 
of chopping signals different in duty ratio or frequency 
for use in a strong braking operation, and chopping sig- 
nal selection means 80 for selecting one signal from the 
two or more types of chopping signals, wherein, in the 
strong braking operation, the selected chopping signal 
is applied to the switches so as to control the electric 
power generator in a chopping fashion. The strong brak- 
ing operation is performed in one of two modes such 
that a higher priority is given to generation of electric 
power or the braking torque depending on the mode 
thereby achieving an increase in the braking torque of 
the electric power generator without causing a signifi- 
cant reduction in the voltage generated by the electric 
power generator 20. 
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chopping signal. This can cause a degradation in the 
braking control accuracy. 

[001 1 ] Not only in electronically controlled mechanical 
clocks, but also in other various electronic devices such 
as a music box, a metronome, a toy. and an electric 
shaver, having a part which is rotated by a mechanical 
energy source such as a spring or rubber' there has 
been a need to control the braking operation in a more 
precise fashion so as to achieve higher accuracy in the 
operation of various operating parts such as a drum of 
a music box. a pendulum of a metronome, etc. 
[0012] Thus, a second object of the present invention 
is to provide an electronic device, such as an electron- 
ically controlled mechanical clock, and a method of con- 
trolling such a device, which allow a precise and large 
amount of braking torque to be applied during a braking 
operation using a chopping signal thereby ensuring that 
the rotational speed is controlled in a quick and highly 
reliable fashion. 

[0013] The present invention is based on the (act, 
which has been found by the inventors of the present 
invention, that when an electric power generator is con- 
trolled in a chopping fashion by applying a chopping sig- 
nal to a switch such that the switch connects the two 
terminals of the electric power generator into a closed 
loop stale in response to the chopping signal, the driving 
torque (braking torque, damping torque) increases with 
decreasing chopping frequency and with increasing du- 
ty ratio, while the charged voltage (generated voltage) 
corresponding to electric power generated by the elec- 
tric power generator increases with increasing frequen- 
cy but does not greatly decrease with increasing duty 
. ratio, and, on the contrary, at frequencies higher than 
50 Hz, the charged voltage increases with increasing 
duty ratio in a range where the duty ratio is less than 0.8 
as shown in Figs. 32 to 35. .... 
[001 4] That is, the present invention provides an elec- 
tronic device comprising: a mechanical energy source; 
an electric power generator, driven by the mechanical 
energy source, for generating electric power by means 
of induction and supplying resultant electrical energy; 
and a rotation controller, driven by the electrical energy, 
for controlling the rotation period of the electric power 
generator, wherein the rotation controller includes: a 
switch capable of connecting two terminals of the elec- 
tric power generator into a closed-loop state; a chopping 
signal generator for generating two or more types of 
chopping signals which are different in at leasi either du- 
ty ratio or frequency and which are set for strong brak- 
ing; and chopping signal selection means for selecting 
one chopping signal from the two or more types of chop- 
ping signals and applying the selected chopping signal 
to the switch thereby controlling the clcctricat power 
generator in a chopping fashion. 

[0015] In this electronic device according to the 

present invention, when the electric power generator is 
driven by the mechanical energy source such as a 
spring, the rotational speed of the rotor is controlled by 



applying a braking force to the electric power generator 
via the rotation controller. 

[0016] Herein, the rotation of the electric power gen- 
erator is controlled by applying a chopping signal to the 
5 switch capable of connecting two terminals of the elec- 
tric power generator into a closed loop state thereby 
turning the switch on and off. When the switch is closed 
in response to the chopping signal, the two ends of the 
coil of the electric power generator are electrically con- 
ic nected into the closed loop state. As a result, the electric 
power generator is braked, and energy is stored in the 
coil of the electric power generator. If the switch Is turned 
off, the closed loop is opened, and the electric power 
generator outputs electric power. In this state, the ener- 
15 gy stored in the coil results in an increase in the output 
voltage. That is, if a strong braking force is applied to 
the electric power generator using the chopping tech- 
nique, the reduction in the generated electric power due 
to the braking can be compensated tor by the increase 
20 in the generated voltage which occurs when the switch 
is turned off. Thus, the braking torque (braking force) 
can be increased without causing a significant reduction 
in the generated electric power. This makes it possible 
to realize an electronic device which can operate for a 
25 long period of time. 

[0017] When a strong braking force is applied (in the 
strong braking mode), the chopping signal selection 
means selects a chopping signal from the two or more 
types of chopping signals which are different in at least 
30 either duty ratio or frequency and which are set for 
Strong braking, and the selected chopping signal is ap- 
plied to the switch. More specifically, when a large brak- 
ing force is required (when a higher priority is needed to 
be given to braking) because the driving torque is large. 
35 a chopping signal which provides a larger braking force 
is applied to the switch. Conversely, when the drjying 
. torque becomes low and a large braking force is not nec- 
essary (when a higher priority is needed to be given to 
generation of electric power), a chopping signal is ap- 
40 plied which does not provide a large braking force but 
which results in an increase in the charged voltage. This 
technique ensures that a proper tjraking force (braking 
torque) corresponding to the driving torque applied to 
the rotor of the electric power generator is applied to the 
^5 electric power generator thereby properly controlling the 
rotational speed of the electric power generator. Thus, 
the controllable operating range becomes wide, and the 
charged voltage can be increased. This makes it possi- 
ble to further increase the braking torque while more ef- 
50 fectively suppressing the reduction in the generated 
electric power. Thus, it becomes possible to realize an 
electric device which can operate for a longer period of 
time. 

[0018] In the present invention, the closed loop state 
55 which is achieved when the switch is turned on refers to 
a state which results in an increase in the braking force 
applied to the electric power generator compared to a 
state other than the closed loop state. If the above re- 
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quirement is mel Ihe closed loop may include a resistor 
or the like disposed for oxRmple. between the switch 
and the electric power gonorator However, it is desira- 
ble to form the closed loop stale by directly connecting 
the two lemninals of the eleclnc power, because the volt- 
ages of the two terminals of the electric power generator 
can be made equal more easily thereby allowing the 
electric power generator to be braked in a more efficient 
fashion. When the signal output from the chopping sig- 
nal selection means is applied to the switch, the signal 
may be applied to the switch either directly or indirectly 
via another circuit or device. 

[001 9] By applying braking forces with two or more dif- 
ferent magnitudes as described above, it becomes pos- 
sible to generate a regulated voltage required for a sys- 
tem. This makes it possible to improve the stability of 
the system. Furthermore, it becomes possible to maxi- 
mize the braking effect and the self-supporting capabil- 
ity of the system. 

[0020] The two or more types of chopping signals may 
be set to be equal in frequency but different in duty ratio, 
fv/lore specifically, the chopping signals may include a 
first chopping signal with a duty ratio in the range from 
0.75 toO.85 (13/16for example) anda second chopping 
signal with a duty ratio in the range from 0.87 to 0.97 
(15/16 for example). 

[0021] As shown in Figs. 32 to 35, it is possible to 
change the charged voltage and the driving torque 
(braking torque) by changing the duty ratio of the chop- 
ping signal while maintaining the frequency at a fixed 
value. Therefore, when the braking force is more impor- 
tant than the generated electric power, the second chop- 
ping signal with a greater duty ratio is employed to obtain 
a greater braking torque. On the other hand, when the 
generation of electric power is more important, the first 
chopping signal with a duty ratio which is not very small 
(but smaller than the duty ratio of the second chopping 
signal) is employed so as to achieve a large charged 
voltage. That is, the rotation of the electric power gen- 
erator can be properly controlled by properly selecting 
the chopping signal depending on the state of the elec- 
tric power generator. A specific example of the set of 
two or more types of chopping signals used for providing 
strong braking forces is a set of three different chopping 
signals with duty ratios of 15/16, 14/16, and 13/16, re- 
spectively. This allows the braking force and the gener- 
ated electric power to be controlled in a finer fashion 
thereby achieving further improvements in the stability 
of the system and the self-supporting capability. 
[0022] In Figs. 32 to 35, the term "driving torque" may 
be replaced with "braking torque", because the driving 
torque refers to a torque which Is balanced with a brak- 
ing torque applied so as to obtain a desired rotational 
speed. Furthermore, the term "charged voltage" may be 
replaced with 'generated voltage", because the voltage 
charged in a capacitor results from the voltage generat- 
ed by the electric power generator. 
[0023] The two or more types of chopping signals de- 



scribed above may be set to be equal in duty ratio but 
different in frequency. More specifically, the two or more 
types of chopping signals may include a first chopping 
signal with a frequency in the range from 110 to 1100 
5 Hz (512 Hz, for example) and a second chopping signal 
with a frequency in the range from 25 to 100 Hz (64 Hz. 
for example). 

[0024] That is, as shown in Figs. 32 to 35, it is possible 
to change the charged voltage and the driving torque 
10 (braking torque) by changing the frequency of the chop- 
ping signal while maintaining the duty ratio at a fixed 
value. Therefore, when the braking force is more impor- 
tant than the generated electric power, the second chop- 
ping signal with a lower frequency is employed to obtain 
^5 a greater braking torque. On the other hand, when the 
generation of electric power is more important, the first 
chopping signal with a higher frequency is employed to 
obtain a greater charged voltage. That is, the rotation of 
the electric power generator can be properly controlled 
20 by properly selecting the chopping signal depending on 
the state of the electric power generator. As can be seen 
from Figs. 32 to 35, when the frequency is varied, it be- 
comes possible to change the charged voltage and the 
braking torque over greater ranges compared to the 
2S case where only the duty ratio is varied. Thus, the con- 
trollable operating range can be expanded. In Figs. 32 
and 33, the driving torque and the charged voltage are 
plotted as a function of the duty ratio for five different 
frequencies. 25, 50. 100. 500, and 1000 Hz. In Figs. 34 
30 and 35, the driving torque and the charged voltage are 
plotted as a function of the duty ratio for six different fre- 
quencies, 32. 64, 128. 256. 512, and 1024 Hz. In each 
case, the results are obtained by measuring the voltage 
charged across the capacitor (the voltage generated by 
35 the electric power generator) and the driving torque 
while maintaining the duty ratio at a fixed value as will 
be described later. 

[0025] The two or more types of chopping signals de- 
scribed above may be set to be different in both duty 
^0 ratio and frequency. More specifically, the two or more 
types of chopping signals may include a first chopping 
signal having a duty ratio in the range from 0.75 to 0.85 
an6 having a frequency in the range from 110 to 1100 
Hz arid a second chopping signal having a duty ratio in 
45 the range from 0.87 to 0.97 and having a frequency in 
the range from 25 to 100 Hz. The specific frequencies 
of the chopping signals may be selected depending on 
the signal generation capability of a specific electronic 
device. For example, in the case of a clock including a 
50 quartz resonator, signals obtained by dividing the fre- 
quency of a signal generated by the quartz resonator 
may be employed. This technique is very efficient, be- 
cause it is not required to additionally generate chopping 
signals. In other types of electronic devices, if there are 
55 particular frequencies which can be easily generated, 
they can be employed. 

[0026] As described above, by controlling the rotation 
of the electric power generator in a chopping fashion us- 
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ing chopping signals which are different in both duty ra- 
tio and frequency, it becomes possible to control the 
braking force in a very effective fashion. 
[0027] More specifically, if the braking force is more 
important when a strong braking force is applied, the 
second chopping signal having a low frequency (64 Hz 
for example) and having a large duty ratio (15/16 for ex- 
ample) may be employed. This allows the braking force 
to be further increased thereby controlling the rotational 
speed in a more reliable fashion. As can be seen from 
Figs. 32 to 35; the braking torque can be increased by 
decreasing the frequency of the chopping signal and in- 
creasing the duty ratio. Thus, by employing the second 
chopping signal meeting these requirements, a great 
braking torque can be obtained. 

[0028] On the other hand, if the generation of electric 
power is more important, the first chopping signal having 
a high frequency (512 Hz for example) and having a 
rather large duty ratb (13/16 for example) may be em- 
ployed to obtain a proper braking force corresponding 
to the driving torque and to also obtain a targe charged 
voltage. As can be seen from Figs. 32 to 35, the charged 
voltage can be increased by increasing the frequency 
while setting the duty ratio in the range from 0.75 to 0.85. 
The first chopping signal described above meets those 
requirements. 

[0029] Herein, if chopping signals which are different 
in both frequency and duty ratio are employed, it is pos- 
. sible to control the charged voltage and the braking 
torque over greater ranges compared to the case where 
only the frequency or the duty ratio is varied. Thus, the 
controllable operating range can be expanded, and the 
rotational speed can be controlled in a^more efficient 
fashion. 

[0030] As described above, of the two or more types 
of chopping signals set for strong braking, the chopping 
signal having a greater duty ratio is employed when the 
braking torque is more important, and the chopping sig- 
nal having a smaller duty ratio is employed when the 
charged voltage is more important thereby ensuring that 
the rotational speed is controlled in a very efficient fash- 
ion. 

[0031] Similarly, of the two or more types of chopping 
signals set for strong braking, the chopping signal hav- 
ing a lower frequency is employed when the braking 
torque is more important, and the chopping signal hav- 
ing a higher frequency is employed when the charged 
voltage is more important thereby ensuring thai the ro- 
tational speed is controlled in a very efficient fashion. 
[0032] Preferably, the rotation controller described 
above includes priority determination means for deter- 
mining the priority of a braking torque applied to the elec- 
tric power generator versus the priority of electric power 
generated by the electric power generator. In the case 
where the priority determination means has determined 
that a higher priority should be given to the braking 
torque, the chopping signal selection means selects a 
chopping signal with a large duty ratio from the two or 



more types of chopping signals and applies the selected 
chopping signal to the switch. However, if the priority 
determination means has determined that a higher pri- 
ority should be given to the electric power, the chopping 
5 signal selection means selects a chopping signal with a 
small duty ratio and applies the selected chopping signal 
to the switch. 

[0033] Alternatively, the rotation controller may in- 
clude priority determination means for determining the 

TO priority of a braking torque applied to the electric power 
generator versus the priority of electric power generated 
by the electric power generator, and, if the priority de- 
termination means has determined that a higher priority 
should be given to the braking torque, the chopping sig- 
nal selection means may select a chopping signal with 
a low frequency trom the two or more types of chopping 
signals and apply the selected chopping signal to the 
switch, while the chopping signal selection means may 
select a chopping signal with a high frequency and apply 

20 ihe selected chopping signal to the switch in the case 
where the priority determination means has determined 
that a higher priority should be given to the electric pow- 
er. 

[0034] Alternatively, the rotation controller may in- 
.25 elude priority determination moans for determining the 
priority of a braking torque applied to the electric power 
generator versus the priority of electric power generated 
by the electric power generator, and if the priority deter- 
mination means has determined that a higher priority 

30 should be given to the braking torque, the chopping sig- 
nal selection means may select a chopping signal hav- 

. . ing a large duty ratio and a low frequency fronn the two 
or more types of chopping signals and apply the select- 
ed chopping signal to the switch, while the chopping sig- 

35 nal selection means may select a chopping signal hav- 
ing a small, duty, ratio and a. high frequency and apply 
the selected chopping signal to the switch in the case 
where the priority determination means has determined 
that a higher priority should be given to the electric pow- 

40 er. 

[0035] Herein, the priority determination means may 
include a voltage det©:tor for detecting the voltage gen- 
erated by the electric power generator thereby deter- 
mining the priority of the braking torque applied to the 

45 electric power generator versus the priority of the elec- 
tric power generated by the electric power generator. 
[0036] Alternatively, the priority determination means 
may include a rotation period detector for delecting Ihe 
rotation period of the electric power generator thereby 

50 determining the priority of the braking torque applied to 
the electric power generator versus the priority of the 
electric power generated by the electric power genera- 
tor. 

[0037] Still alternatively, the priority determination 
55 means may include a braking amount detector for de- 
tecting the amount of braking applied to the electric pow- 
er generator thereby determining the priority of the brak- 
ing torque applied to the electric power generator versus 
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the priority of the electric power generated by the electric 
power generator. 

[0038] By switching the chopping signal in the strong 
braking mode in accordance with data representing 
such a parameter using the priority determination 
means, it is possible to select an optimum chopping sig- 
nal depending on the required braking force, and thus 
the rotational speed can be controlled in an effective 
fashion. 

[0039] The rotation controller may include chopping 
signal selection means for selecting a chopping signal 
applied to the switch in the strong braking mode from 
the two or more chopping signals set for strong braking, 
in accordance with the voltage generated by the electric 
power generator. 

[0040] Alternatively, the rotation controller may in- 
clude: an up/down counter which receives, at its up 
count input, a rotation detection signal generated based 
on the rotation period of the electric power generator 
and which also receives, at its down counl input, a rel- 
erence signal; and chopping signal selection means for 
selecting a chopping signal applied to the switch in the 
strong braking mode from the two or more chopping sig- 
nals set for strong braking, in accordance with the value 
of the up/down counter 

[0041] Alternatively, the rotation controller may in- 
clude chopping signal selection means for selecting a 
chopping signal applied to the switch in the strong brak- 
ing mode from the two or more types of chopping signals 
in accordance with a braking amount represented by the 
ratio of a braking period to one period of a reference 
signal. 

[0042] By switching the chopping signal in the strong 
braking mode in accordance with data representing 
such a parameter, it is possible to select an optimum 
chopping signal depending on the required braking 
force, and thus the rotational speed can be controlled in 
an effective fashion. 

[0043] When a strong braking force is not applied, a 
chopping signal with a small duty ratio in the range, for 
example, from 0.01 to 0.30 may be applied to the switch 
thereby applying a weak braking force to the electric 
power generator, or the switch may be maintained in an 
open state so that no braking force is applied to the elec- 
tric power generator. 

[0044] That is, it Is desirable that the rotation control- 
ler be capable of applying not only the strong braking 
force but also a weak braking force to Ihe electric power 
generator, wherein when the weak braking force is ap- 
plied to the electric power generator, the rotation con- 
troller applies a chopping signal with a duty ratio smaller 
than the duty ratios of the two or more types of chopping 
signals set for strong braking. 

[0045] The frequency of the chopping signal for weak 
braking may be or may not be equal to that of the strong 
braking. That is, in the weak braking mode in which a" 
weak braking force is applied to the electric power gen- 
erator, a chopping signal with a very small duty ratio 



(1 /1 6 for example) may be employed so that a very small 
braking force is applied to the electric power generator. 
[0046] Herein, when a weak braking force is applied 
to the electric power generator, the rotation controller 
s preferably applies a chopping signal with a duty ratio in 
the range from 0.01 to 0.30 to the switch thereby con- 
trolling the rotation of the electric power generator in a 
chopping fashion. 

[0047] By applying a chopping signal with a duty ratio 
^0 in the range from 0 01 to 0.30 to the switch also in the 
weak braking mode, it becomes possible to decrease 
the driving torque while maintaining the charged voltage 
to a certain level. That is. it is possible to increase the 
charged voltage to a certain degree even in the weak 
^5 braking mode. 

[0048] Herein, it is desirable that in the weak braking 
mode, a chopping signal with a duty ratio in the range 
from 0.01 to 0.15 be applied to the switch thereby con- 
trolling the electric power generator in a chopping fash- 
20 ion. More desirably, a chopping signal with a duly ratio 
in the range from 0.05 to 0.10 is applied to the switch 
thereby controlling the electric power generator in a 
chopping fashion. 

[0049] By applying a chopping signal with a duty ratio 

25 in the range from 0.01 to 0. 1 5 to the switch in the weak 
braking mode, it Is possible to reduce the driving torque 
while maintaining the charged voltage to a certain level. 
This allows the control in the weak braking mode to be 
performed in an effective fashion. If a chopping signal 

30 with a duty ratio in the range from 0.05 to 0.10 is em- 
ployed, it becomes possible to reduce the braking 
torque while achieving a greater charged voltage. That 
is. the control in the weak braking mode can be per- 
formed in a more effective fashion. 

35 [0050] The frequency of the chopping signal having a 
small duty ratio in the range from 0.01 to 0.30 may be 
set to a value within the same range as that employed 
in the strong braking mode. As can be seen from Figs. 
32 to 35, when the duty ratio Is small, the braking force 

40 and the generated electric power do not greatly depend 
on the frequency, and thus the frequency may be equal 
^to that employed in the strong braking mode. 
' [0051] It is desirable that the chopping frequency at 
which the switch Is turned on and off by the rotation con- 

45 trolter be 3 or more times greater than the frequency of 
a voltage waveform which is generated when the rotor 
of the electric power generator rotates at a set speed, 
more desirably 3 to 1 50 limes greater than Ihe frequency 
of the generated voltage waveform, and most desirably 

50 5 to 1 30 times greater than the frequency of the gener- 
ated voltage waveform. 

[0052] If the chopping frequency is lower than 3 times 
the frequency of the generated voltage waveform, the 
voltage cannot be effectively increased. From this point 
55 of view, it is desirable that the chopping frequency is 3 
or more times greater than the frequency of generated 
voltage waveform. 

[0053] However, if the chopping frequency is greater 
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than 150 limes the frequency of Ihe generated voltage 
waveform, an integrated circuit consumes greater elec- 
tric power in the chopping operation. That is. great elec- 
tric power is consumed when electric power is generat- 
ed. Thus, it is desirable that the chopping frequency be 
lower than 150 times the frequency of the generated 
voltage waveform. When the chopping frequency is 
within the range 3 to 1 50 times the frequency of the gen- 
erated voltag'e waveform, the rate o1 change of the 
torque with respect to the change in the duty cycle be- 
comes constant. This makes it easy to control the 
torque. However, depending on a specific application or 
control scheme, the chopping frequency may be set to 
a value lower than 3 times or greater 150 times the fre- 
quency of the generated voltage waveform. 
[0054] More specifically, the chopping frequency may 
be set to a value in the range from 25 Hz to nOO Hz. 
More desirably, the chopping frequency may be set to a 
value in the range from 64 Hz to 512 Hz. The switch 
which is turned on and off by the chopping signal is com- 
monly formed of a field effect transistor. In this case, the 
gate capacitance of the transistor results in an increase 
in power consumption when the switching frequency be- 
comes high. To minimize the power consumption, it is 
desirable that the chopping frequency be equal to or 
lower than 512 Hz. However the maximum allowable 
power consumption depends on specific electronic de- 
vices, and the chopping frequency may be set to a value 
equal to or lower than about 1100 Hz to achieve high 
performance in terms of the braking performance or the 
electric power generation performance. 
[0055] On the other hand, if the chopping frequency 
is low, the charged voltage decreases. From this point 
of view.-it is desirable to set the chopping frequency to 
25 Hz or higher, and more desirably 64 Hz or higher 
[0056] According to another aspect of the present in- 
vention, there is provided an electronic device compris- 
ing: a mechanical energy source; an electric power gen- 
erator, driven by the mechanical energy source, for gen- 
erating electric power by means of induction and sup- 
plying resultant electrical energy; a rotation controller, 
driven by the electrical energy, for controlling the rota- 
tion period of the electric power generator, the electronic 
device being characterized in that the rotation controller 
comprises: a switch capable of connecting two terminals 
of the electric power generator into a closed-loop state; 
a chopping signal generator for generating two or more 
types of chopping signals which are different in at least 
either duty ratio or frequency and which are set for 
strong and weak braking; and chopping signal selection 
means which selects one chopping signal from the two 
or more types of chopping signals and which outputs the 
selected chopping signal such that at toast either the 
timing ol the start of a strong braking period during which 
the chopping signal for strong braking is applied to the 
switch or the timing of the start of a weak braking period 
during which the chopping signal for weak braking is ap- 
plied to the switch is synchronous with the rotation de- 



tection signal associated with the rotor of the electric 
power generator, thereby controlling the electric power 
generator in a chopping fashion. 
[0057] In this electronic device according to the 

5 present invention, if the timing of starting a strong brak- 
ing period is synchronized with the rotor rotation detec- 
tion signal, it is ensured that a strong braking force is 
applied immediately after the start of the strong braking 
period in response to the rotation detection signal. Thus, 

10 the control of the rotational speed can be performed in 
a quick and highly reliable fashion. On the other hand, 
if the timing ol starting a weak braking period is synchro- 
nized with the rotor rotation detection signal, the liming 
of transition from the strong braking mode to the weak 

is braking mode is set such that the transition occurs after 
the end of one period of a chopping signal lor strong 
braking. This allows an improvement in the accuracy of 
-the braking amount. 

[0058] In the present invention, only the liming of the 
20 start of the strong braking period may be synchronized 
with the rotor rotation detection signal, or only the timing 
of the start pf the weak braking period may be synchro- 
nized with the rotor rotation detection signal. Otherwise, 
the start timing may be synchronized with the rotor ro- 
2S lalion detection signal for both the strong and weak 
braking periods. 

[0059] In this case, the chopping signal selection 
means preferably outputs the selected chopping signal 
such that either the weak braking start timing at which 

30 the chopping signal applied to the switch is switched 
from a chopping signal for strong braking to a chopping 
signal for weak braking or the strong braking start timing 
at which the chopping signal applied to the switch is 
switched from a chopping signal for weak braking to a 

55 chopping signal for strong braking is synchronized with 
the chopping signal for strong braking or the chopping 
signal for weak braking. In the present invention, the 
control in the chopping fashion refers to a controlling 
manner in which the electric path between the two ter- 

40 minals of the electric power generator is closed and 
opened into a closed or opened loop state using a con- 
trol signal (chopping signal) having a frequency high 
enough Compared with the rotational speed of the rotor 
of the electric power generator 

45 [0060] In this technique, because strong-to-weak 
braking transition or weak-to-strong braking transition 
occurs after the end of one period of a chopping signal 
for strong or weak braking, it is ensured lhal the chop- 
ping signal for strong or weak braking is applied over 

so the specified entire period. Therefore, it is possible to 
control the braking amount at precise intervals equal to 
integral multiples of unit period. Thus, the control accu- 
racy can be further improved. 

[0061] It is desirable that the chopping signal selec- 
55 tion means is capable of continuously outputling the 
chopping signal for strong braking over a period of time 
equal to or longer than one period of a reference signal. 
[0062] This makes it possible to continuously apply a 
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Strong braking torque when the rotational speed of the 
electric power generator is very high Thus, this tech- 
nique allows quick response and high efficiency in the 
control of the rotation compared with the technique dis- 
closed in Japanese Examined Patent Publication No. 
7-119812 in which a braking-off operation is performed 
in each period. 

[0063] The electronic device according to the present 
invention may further include first and second power 
supply lines for storing electrical energy generated by 
the electric power generator into a power supply, and 
the switch may include a first switch disposed between 
a first terminal of the electric power generator and one 
of the first and second power supply lines and a second 
switch between a second terminal of the electric power 
generator and the other one of the first and second pow- 
er supply lines, and the rotation controller may perform 
controlling such that one switch connected to one of the 
first and second terminals of the electric power genera- 
tor is maintained in a closed slate and such lhal the 
chopping signal is applied to the other switch connected 
to the other terminal of the electric power generator 
thereby turning it on and off. 

[0064] In the electronic device configured in this man- 
ner, not only the braking operation but also the operation 
of charging the generated electric power and the control 
of the rotation of the electric power generator are per- 
formed at the same time. Therefore, the circuit can be 
constructed using a less number of components Fur- 
thermore, the power generation efficiency can be im- 
proved by properly controlling the timing of closing and 
opening the respective switches. Herein, it is desirable 
that the first and second switches be formed of transis- 
tors. 

[0065] Furthermore, it is desirable that the first switch 
include a first field effect transistor whose gate is con- 
nected to the second terminal of the electric power gen- 
erator and a second field effect transistor which is con- 
nected in parallel to the first field effect transistor and 
which is turned on and off by the rotation controller, and 
the second switch include a third field effect transistor 
whose gate is connected to the first terminal of th* elec- 
tric power generator and a fourth field effect trahsistor 
which is connected In parallel to the third field effect tran- 
sistor and which is turned on and off by the rotation con- 
troller. 

[0066] In this electronic device, when the first terminal 
of the electric power generator becomes positive and 
the secondterminal becomes negative (that is, when the 
voltage of the second terminal becomes lower than the 
voltage of the first terminal), the first field effect transistor 
whose gate is connected to the second terminal is 
turned on (in the case whore the field effect transistor is 
of the p-channel type, the transistor is turned off if it is 
of the n-channel type), and the third field effect transistor 
whose gate is connected to the first terminal is turned" 
off (in the case where the field effect transistor is of the 
p-channel type, the transistor is turned on if its of the n- 



channel type). As a result, an AC current generated by 
the electric power generator is passed through a path 
including the first terminal, the first field effect transistor, 
one of the first and second power supply lines, the power 
s supply, the other one of the first and second power sup- 
ply lines, and the second terminal. 
[0067] On the other hand, when the second terminal 
of the electric power generator becomes positive and 
the first terminal becomes negative (that is. when the 
^0 voltage of the first terminal becomes lower than the volt- 
age of the second terminal), the third field effect transis- 
tor whose gate is connected to the first terminal is turned 
on and the first field effect transistor whose gate is con- 
nected to the second terminal is turned off. As a result. 
^5 the AC current generated by the electric power genera- 
tor is passed through a path including the second termi- 
nal, the third field effect transistor, one of the first and 
second power supply lines, the power supply, the other 
one of the first and second power supply lines, and the 
first terminal. 

[0068] In the above operation, the second and fourth 
field effect transistors are alternately turned on and off 
in response to the chopping signal applied to the gates 
thereof When the first and third field effect transistors 
are in the on-state, the current is passed regardless of 
whether the second and fourth field effect transistors are 
in the on-state or off-state because the second and 
fourth field effect transistors are connected in parallel to 
the first and third field effect transistors, respectively On 
the other hand, in the case where the first and third field 
effect transistors are in the off-state, the current is 
passed when the second and fourth field effect transis- 
tors are turned on by the chopping signal. Therefore, 
when one of the second and fourth field effect transistor 
connected in parallel to one of the first and third field 
effect transistor in the off-state is turned on by the chop- 
ping signal, both the first and second switches are 
turned on, and the two terminals of the electric power 
generator are connected to each other into the closed 
loop state. 

[0069] As a result, the electric power generator is 
braked in a chopping fashion such that the reduction in 
the electric power caused by braking Is compensated 
for by the increase in the generated voltage obtained 
when the switches are turned off. Thus, the braking 
torque can be Increased while maintaining the generat- 
ed electric power at a certain level. This makes it pos- 
sible to realize an electric device which can operate for 
a long period of time. Furthermore, because the rectifi- 
cation of the electric power generator is performed by 
the first and third field effect transistors whose gates are 
connected to the respective terminals, no comparator is 
required. This allows rectification to be performed using 
a simple circuit configuration. Furthermore, a reduction 
in the charging efficiency due to power consumption by 
the comparator is eliminated. Furthermore, because the 
field effect transistors are turned on and off using the 
terminal voltage of the electric power generator, the field 
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effect transistors are turned on and off in synchroniza- 
tion with the polarity of the terminal voltage of the electric 
power generator. This results in an innprovement in the 
rectification efficiency. 

[0070] A preferable example of the electronic device 
according to the present invention is an electronically 
controlled mechanical clock including a time indication 
device which is rotated by the mechanical energy in con- 
nection with the electric power generator and which is 
controlled in terms of rotational speed by the rotation 
controller 

[0071] More specifically, the electronically controlled 
mechanical clock may include a mechanical energy 
source: an electric power generator, driven by the me- 
chanical energy source connected to the electric power 
generator via an energy transmission device such as a 
wheel train, for generating electric power by means of 
induction and supplying resultant electrical energy; a 
time indication device connected to the energy trans- 
mission device such as a wheel train; and a rolalion con- 
troller, driven by the electrical energy, for controlling the 
rotation period of the electric power generator, wherein 
the rotation controller preferably includes: a switch ca- 
pable of connecting two terminals of the electric power 
generator into a closed-loop state; a chopping signal 
generator for generating two or more types of chopping 
signals which are different in at least either duty ratio or 
frequency and which are set for strong braking; and 
chopping signal selection means for selecting one chop- 
ping signal from the two or more types of chopping sig- 
nals, and wherein when a strong braking force is applied 
to the electric power generator, the chopping signal se- 
lected by the chopping signal selection means from the 
two or more types of chopping signals is applied to the 
switch thereby controlling the electrical power generator 
in a chopping fashion. 

[0072] In this electronically controlled mechanical 
clock, the braking torque applied to the electric power 
generator can be increased without causing a significant 
reduction in generated electric power. Therefore, it is 
possible to provide a high-precision clock which can op- 
erate for a long period of time. 

[0073] Alternatively, the electronically controlled me- 
chanical clock may include: a mechanical energy 
source; an electric power generator, driven by the me- 
chanical energy source, tor generating electric power by 
means of induction and supplying resultant electrical en- 
ergy; a rotation controller, driven by the electrical ener- 
gy, for controlling the rotation period of the electric power 
generator, wherein the rotation controller preferably in- 
cludes: switch capable of connecting two terminals of 
said electric power generator into a closed-loop state; a 
chopping signal generator for generating two or more 
types of chopping signals which are different in at least 
either duty ratio or frequency and wrtiich are set for 
strong and weak braking; and chopping signal selection 
means which selects one chopping signal from the two 
or more types of chopping signals and which outputs the 



selected chopping signal such that at least either the 
timing of the start of a strong braking periodduring which 
the chopping signal for strong braking is applied to the 
switch or the timing of the start of a weak braking period 
s during which the chopping signal for weak braking is ap- 
plied to the switch is synchronous with the rotation de- 
tection signal associated with the rotor of the electric 
power generator, thereby controlling the electric power 
generator in a chopping fashion. 
10 [0074] Thus, in the electronically controlled mechan- 
ical clock in which the control of the rotation speed is 
important to accurately drive the hands, the present in- 
vention allows high accuracy of the rotation speed. 
[0075] The application of the electronic device ac- 
15 cording to the present invention is not limited to the elec- 
tronically controlled mechanical clock, but it nr^y be ap- 
plied to a wide variety of electronic devices. In particular, 
the long operation period is advantageous in portable 
electronic devices such as an analog quartz watch, a 
20 digital-indication walch. a portable sphygmomanome- 
ter, a portable telephone, a personal handy phone, a 
pager, a pedometer, a calculator, a portable personal 
computer, an electronic notepad, a PDA (personal dig- 
ital assistant), a portable radio set, a toy, a music box, 
25 and an electric shaver. 

[0076] The present invention also provides a method 
of controlling an electronic device including: a mechan- 
ical energy source; an electric power generator, driven 
by the mechanical energy source, for generating electric 
30 power by means of induction and supplying resultant 
electrical energy; a rotation controller, driven by the 
electrical energy, for controlling the rotation period of the 
electric power generator, wherein the method is charac- 
terized in that when strong braking is applied to the elec- 
ts trie power generator, a chopping signal, selected from 
two or more chopping signals which are different in at 
least either duty ratio or frequency and which is set for 
strong braking, is applied to a switch capable of con- 
necting two terminals of the electric power generator in- 
40 to a closed loop state thereby controlling the electric 
power generator in a chopping fashion. 
[007-7] In this control method, a braking force (damp-, 
ing fbrque) corresponding to the driving torque of the 
mechanical energy source can be obtained by applying 
45 a chopping signal selected from the two or more types 
of chopping signals which are different in at least either 
duty ratio or frequency and which are set for strong brak- 
ing. This makes it possible to properly control the rota- 
tional speed of the electric power generator. Thus, the 
50 controllable operating range becomes wide, and the 
charged voltage can be increased. Therefore, it be- 
comes possible to further increase the braking torque 
(damping torque) while more effectively suppressing the 
reduction in the generated electric power. Thus, an elec- 
ts trie device which can operate for a longer period of time 
can be realized. 

[0078] According to another aspect of the present in- 
vention, there is provided a method of controlling an 
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electronic device including: a mechanical energy 
source; an electric power generator, driven by the me- 
chanica! energy source, for generating electric power by 
means of Induction and supplying resultant electrical en- 
ergy; a rotation controller, driven by the electrical ener- 
gy, for controlling the rotation period of the electric power 
generator, the method being characterized in that the 
rotation controller includes: a reference signal generator 
for generating a reference signal on the basis of a signal 
generated by a standard time source; a switch capable 
of connecting two terminals of the electric power gener- 
ator into a closed-loop state; and a chopping signal gen- 
erator for generating two or more types of chopping sig- 
nals applied to the switch , the two or more types of chop- 
ping signals being different in at least either duty ratio 
or frequency and set for strong and weak braking; 
wherein when a rotation detection signal associated 
with the rotor of the electric power generator Is Input, 
the rotation controller applies to the switch the chopping 
signal for strong braking. 

[0079] Also in this method according to the present 
invention, because the timing of starting a strong brakr 
ing period is synchronized with the rotor rotation detec- 
tion signal, It is ensured that a strong braking force is 
applied immediately after the start of the strong braking 
period in response to the rotation detection signal. Thus, 
the rotational speed can be controlled in a quick and 
highly reliable fashion. 

[0080] The frequencies of the chopping signals set for 
strong braking and weak braking may be properly se- 
lected depending on the characteristics of the electric 
power generator to be controlled. Preferably, the fre- 
quency of the chopping signal for weak braking may be 
set to a value in the range from 500 to 1000 Hz, and the 
frequency for strong braking may be set to a value in the 
range from 10 to 100 Hz. 

[0081] The chopping signals may be different in both 
frequency and duty ratio. In particular, to achieve a high- 
efficiency braking operation, it is desirable that the chop- 
ping signal for strong braking have a low frequency and 
a large duty ratio and the chopping signal for weak brak- 
ing have a high-frequency and a smfW duty ratio. 
[0082] Embodiments of the present invention are de- 
scribed below, by way of further example only and with 
reference to the accompanying drawings, in which:- 
[0083] Fig. 1 is a plan view illustrating main parts of a 
first embodiment of an electronically controlled mechan- 
ical clock according to Ihe present invention. 
[0084] Fig. 2 is a cross-sectional view illustrating main 
parts of the clock shown in Fig. 1 . 
[0085] Fig. 3 is a cross-sectional view illustrating main 
parts of the clock shown in Fig. 1 . 
[0086] Fig. 4 is a block diagram illustrating a general 
construction of a first embodiment. 
[0087] Fig. 5 is a circuit diagram illustrating the circuit 
configuration of an electronically controlled mechanical 
clock according to the first embodiment. 
[0088] Fig. 6 is a timing chart associated with an up/ 



down counter according to the first embodiment. 
[0089] Fig 7 is a timing chart associated with chop- 
ping selection means according to the first embodiment. 
[0090] Fig. 8 is a flow chart illustrating a control meth- 
5 od according to the first embodiment. 

[0091] Fig. 9 is a circuit diagram illustrating the circuit 
configuration of an electronically controlled mechanical 
clock according to a second embodiment. 
[0092]' Fig. 10 is schematic diagram illustrating the 
10 braking amount obtained in the second embodiment. 
[0093] Fig. 11 is a timing chart associated with chop- 
ping selection means according to the second embodi- 
ment. 

[0094] Fig. 12 is a flow chart illustrating a control 
method according to the second embodiment. 
[0095] Fig. 13 is a circuit diagram illustrating the cir-. 
cuil configuration of an electronically controlled me- 
chanical clock according to a third embodiment. 
[0096] Fig. 14 is a timing chart associated with chop- 
ping selection means according lo the third embodi- 
ment. 

[0097] Fig. 15 is a flow chart illustrating a control 
method according to the third embodiment. 
[0098] Fig. 16 is a circuit diagram illustrating the cir- 
cuit configuration of an electronically controlled me- 
chanical clock according to a fourth embodiment. 
[0099] Fig. 1 7 is a timing chart associated with chop- 
ping selection means according to the fourth embodi- 
ment. 

[0100] Fig. 18 is a circuit diagram illustrating the cir- 
cuit configuration of an electronically controlled me- 
chanical clock according to a fifth embodiment. 
[0101] Fig. 19 is a circuit diagram illustrating the cir- 
cuit configuration of a rotation controller according to the 
fifth embodiment. 

[01 02] Fig. 20 is a timing chart associated with a chop- 
ping signal generator according lo the fifth embodiment. 
[0103] Fig. 21 is a timing chart associated with the 
chopping signal generator according to the fifth embod- 
iment. 

[0104] Fig. 22 Is a timing chart associated wtth the 
chopping signal generator according to the fifth embod- 
iment. 

[0105] Fig. 23 is a flow chart illustrating a control 
method according to the fifth embodiment. 
[0106] Fig. 24 is a circuit diagram illustrating the cir- 
cuit configuration of a rotation controller according to a 
sixth embodiment. 

[0107] Fig. 25 is a timing chart associated with a chop- 
ping signal generator according to the sixth embodi- 
ment. 

[0108] Fig. 26 is a timing chart associated with the 
chopping signal generator according to the sixth embod- 
iment. 

[0109] Fig. 27 is a circuit diagram illustrating a modi- 
fication of a rectifying circuit according to the present 
invention. 

[0110] Fig. 28 is a circuit diagram illustrating another 
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modification of the rectifying circuit according to the 
present invention. 

[0111] Fig. 29 is a perspective view illustrating main 
parts of a music box which is another embodiment of 
the present invention. 

[0112] Fig. 30 is a circuit diagram illustrating main 
parts of rotation control means of the music box shown 
in Fig. 29. 

[01 1 3] Fig. 31 is a circuit diagram of a chopping charg- 
ing circuit which has been employed in an experiment 
according to the present invention. 
[0114] Fig. 32 is a graph illustrating the relationship 
between chopping frequency and driving torque. 
[0115] Fig. 33 is a graph illustrating the relationship 
between chopping frequency and charging voltage. 
[0116] Fig. 34 is a graph illustrating the relationship 
between chopping frequency and driving torque. 
[0117] Fig. 35 is a graph illustrating the relationship 
between chopping frequency and charging voltage. 
[0118] Fig. 1 is a plan view illustrating the main parts 
of an electronically controlled mechanical clock which is 
a first embodiment of an electronic device according to 
the present invention, and Figs. 2 and 3 are cross-sec- 
tional views thereof. 

[0119] The electronically controlled mechanical clock 
includes a barrel wheel 1 including a spring 1a, a barrel 
gear lb, a barrel arbor 1c and a barrel cover Id. The 
outer end of the spring 1a serving as a mechanical en- 
ergy source is fixed to the barrel gear 1b. and the inner 
end thereof is fixed to the barrel arbor 1c. The barrel 
arbor 1 c is supported by a bottom plate 2 and a top plate 
3 and is fixed with a rectangular screw 5 such that the 
barrel arbor 1c rotates together with a ratchet wheel 4. 
[0120] The ratchet wheel 4 engages with a recoil de- 
tent such that the ratchet wheel 4 can rotate in a clock- 
wise direction but cannot rotate in a counterclockwise 
direction. The spring la may be wound up by rotating the 
ratchet wheel 4 in the clockwise direction in a similar 
manner as employed in an automatic winding mechan- 
ical clock or a manually winding mechanical clock, and 
the manner of winding the spring la is not described in 
further detail herein. ^ 
[0121] The rotational speed of the barrel gear 1b i^ 
stepped up by a factor of 7 when the rotation is trans- 
mitted to a second wheel 7, further stepped up by a fac- 
tor of 6-4 to a third wheel 8, by a factor of 9.375 to a 
fourth wheel 9, by a factor of 3 to a fifth wheel 10, by a 
factor of 1 0 to a sixth wheel 11 , and finally by a factor of 
10 to a rotor 12, Thus, the rotational speed is stepped 
up by a factor of 126,000 in total. The step-up wheel 
train consisting of wheels 7 to 11 forms a mechanical 
energy transmission device for transmitting mechanical 
energy from the spring 1 a serving as the mechanical en- 
ergy source to the electric power generator 20. 
[01 22] A cannon pinion 7a is fixed to the second wheel 
7, and a minute hand 14 is fixed to the cannon wheel 
7a. A second hand 14 is fixed to the fourth wheel 9, and 
a hour hand 17 is fixed to a hour wheel 7b. Therefore. 



if the rotor 12 is controlled to rotate at 8 rps. then the 
second wheel 7 rotates at 1 rph and the lourth wheel 9 
rotates at 1 rpm. In this situation, the barrel gear lb ro- 
tates at 1/7 rph. The hands 13. 14, and 17 described 

5 above form a time indication device. 

[01 23] The electronically controlled mechanical clock 
includes an electric power generator 20 constructed of 
a rotor 12, a slator 15. and a coil block 16. The rotor 12 
includes a rotor rnagnet 12a. a rotor pinion 12b, and a 

10 rotor inertia disk 12c. The rotor inertia disk 12c serves 
to minimize the variation in the rotational speed of the 
rotor 1 2 caused by a variation in the driving torque given 
by the barrel wheel 1. The stator 15 includes a stator 
body 15a and a stator coil 15b with 40.000 turns wound 

'5 around the stator body 15a. 

[0124] The coil block 1 6 includes a core 16a and a coil 
1 6b with 1 1 0,000 turns wound around the core 1 6a. The 
stator body 1 5a and the core 1 6a may be formed of PC 
permalloy or a similar material. The stator coil 15b and 

20 ihe coil 16b are connected in series so lhal voltages 
generated by the respective coils are added together. 
[0125] Fig. 4 is a block diagram illustrating the con- 
struction of the first embodiment of the electronically 
controlled mechanical clock. 

25 [0126] The electronically controlled mechanical clock 
includes the spring la serving as the mechanical energy 
source, a step-up wheel train (wheels 7-11) serving as 
an energy transmission device for transmitting a torque 
of the spring la to the electric power generator 20. and 

30 hands (minute hand 1 3. second hand 1 4, hour hand 1 7) 
serving as time indication devices which are connected 
to the step-up wheel train (wheels 7-1 1 ) so as to indicate 
time. 

[01 27] The electric power generator 20 serves to sup- 

35 ply electrical energy generated by means of induction 
which occurs when being driven by the spring Ja via the 
step-up wheel train. An AC voltage output from the elec- 
tric power generator 20 is stepped up and rectified by a 
rectifying circuit 41 such as a step-up rectifier, a full- 

40 wave rectifier, a half-wave rectifier, or a transistor recti- 
fier. The resultant stepped-up and rectified voltage is 
supplied to a power supply 40 including a capacitor, and 
thus the power supply 40 is charged by the voltage. 
[0128] In the present embodiment, as shown in Fig. 

45 5, a braking circuit 1 20 including the rectifying circuit 41 
is disposed on the electric power generator 20. The 
braking circuit 120 includes a first switch 21 connected 
to a first AC input terminal MG1 via which an AC signal 
(AC current) generated by the electric power generator 

50 20 is input, and a second switch 22 connected to a sec- 
ond AC input terminal MG1 via which the AC signal is 
also input. When both switches 21 and 22 are closed at 
the same time, the first AC input terminal MG1 and the 
second AC input terminal MG2 are electrically connect- 

55 ed to each other and thus a closed toop is formed there- 
by braking the electric power generator 20. 
[01 29] The first switch 21 is constructed of a first field 
. effect transistor (FET) 26 of the p-channel type whose 
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gate is connected to the second AC Input terminal MG2 
and a second field effect transistor 27 connected in par- 
allel to the first field effect transistor 26 wherein a chop- 
ping signal (chopping pulse) CHS output by chopping 
signal selection means which will be described later is 
input to the gate of the second field effect transistor 27. 
[01 30] The second switch 22 is constructed of a third 
field effect transistor (FET) 28 of the p-channel type 
whose gate is connected to the first AG input terminal 
MG1 and a fourth field effect transistor 29 connected in 
parallel to the third field effect transistor 28 wherein the 
chopping signal (chopping pulse) GH5 output by the 
chopping signal selection means is input to the gate of 
the fourth field effect transistor 29. 
[0131] Herein, the first field effect transistor 26 turns 
on when the voltage of the AC input terminal MG2 is 
negative, while the third field effect transistor 23 turns 
on when the voltage of the AC input terminal MG1 is 
negative. That Is. of the two transistors 26 and 28. one 
transistor connected to either terminal MG1 or MG2, 
with a positive voltage, of the electric power generator 
is turned on, and the other transistor is turned off. Thus, 
the field effect transistors 26 and 28 form a rectifying 
switch which is a part off the rectifying circuit. 
[01 32] The second field effect transistor 27 and the 
fourth field effect transistor 29 connected in parallel to 
the transistors 26 and 28, respectively, are turned on 
and off in response to the same chopping signal CHS. 
When the transistors 27 and 29 are turned on at the 
same time by the chopping signal CHS. the first and sec- 
ond AC input terminals MG1 and MG2 are electrically 
connected directly to each other regardless of the states 
of the transistors 26 and 28, and thus a closed loop is 
formed thereby braking the electric power generator 20. 
That is, the above-described switches 21 and 22 lor con- 
necting the terminals MG 1 and MG2 of the electric pow- 
er generator 20 into a closed loop state are constructed 
such that the terminals MG1 and MG2 of the electric 
power generator 20 are connected into the closed loop 
state by means of operations of the transistors 27 and 
29. 

[01 33] A step-up capacitor 23 connected to the elec- 
tric power generator 26, diodes 24 and 25, and the 
switches 21 and 22 form the rectifying circuit (voltage 
doubler rectifier) 41 . Any unidirectional device which al- 
lows a current to be passed only In one direction may 
be employed as the diodes 24 and 25. and there is no 
particular limitation on the type thereof. In the electron- 
ically controlled mechanical clock, the voltage generat- 
ed by the electric power generator 20 is small. From this 
point of view, it is desirable that a Shottky barrier diode 
having a small voltage drop Vf be employed as the diode 
25. As for the diode 24, it is desirable to employ a silicon 
diode having a low reverse leakage current. A DC signal 
obtained by the rectifying circuit 41 by means of rectifi- 
cation is stored in the power supply (capacitor) 40. 
[0134] The braking circuit 120 is controlled by a rota- 
tion controller 50 which is driven by electric power sup- 



plied by the power supply 40. The rotation controller 50 
includes, as shown in Fig. 4, an oscillator 51 , a frequen- 
cy divider 52. a rotor rotation detector 53. and a braking 
controller 55. 

s [0135] The oscillator 51 generates an oscillating sig- 
nal (32,768 Hz) using a quartz resonator 51 A serving as 
a standard time source. The oscillating signal output 
from the oscillator 51 is divided down to a particular fre- 
quency by the frequency divider 52 formed of flip-flops. 
10 The output of the twelfth stage of the frequency divider 
52 is output as a reference signal fs at 8 Hz. 
[0136] The rotation detector 53 includes a waveform 
shaping circuit 61 connected to the electric power gen- 
erator 20 and a monostable multivibrator 62. The wave- 
rs form shaping circuit 61 includes an amplifier and a com- 
parator and serves to convert a sine wave to a rectan- 
gular wave. The monostable multivibrator 62 serves as 
a bandpass filter which passes only pulses having rep- 
etition periods smaller than a particular value thereby 
20 outpulting a rotation detection signal FG1 containing no 
noise. 

[01 37] The braking controller 55 includes an up/down 
counter 60 serving as braking control means, a synchro- 
nous circuit 70, a chopping signal generating circuit 1 51 

^5 serving as a chopping signal generator, and chopping 
signal selection means 80. The rotation detection signal 
FG1 output from the rotation detector 53 and the refer- 
ence signal fs output from the frequency divider 52 are 
input to the up/down counter 60 via an up count input 

30 and a down count input, respectively. 

[0138] The synchronous circuit 70 includes four flip- 
flops71 , an AND gate 72, and a NAND gale 73. The 
synchronous circuit 70 makes the rotation detection sig- 
nal FGI synchronized with the reference signal fs (8 Hz) 

3S using the output Q5 (1024 Hz) of the fifth stage or the 
output Q6 (512 Hz) of the sixth stage of the frequency 
divider 52. The synchronous circuit 70 also makes an 
adjustment so that there is no overlap among signal 
pulses. 

40 [0139] The up/down counter 60 is constructed of a 
4-bit counter. A signal generated by the synchronous cir- 
cuit 70 in response to the rotation detection signal FGI 
is applied to the up count input of the up/down counter 
60, and a signal generated by the synchronous circuit 

45 70 in response to the reference signal fs is applied to 
the down count input, whereby the counting of both the 
reference signal fs andthe rotation detection signal FGI 
and the calculation of the difference therebetween are 
performed at the same time. 

so [0140] The up/down counter 60 has four data input 
terminals (preset terminals) A-D. When high-level sig- 
nals are input to the terminals A-C, the up/down counter 
60 is set to an initial counter value (preset value) equal 
to 7. 

55 [01 41] A LOAD input terminal of the up/down counter 
60 is connected to an initialization circuit 90 which is 
connected to the power supply 40 and which outputs a 
system reset signal SR in accordance with the voltage 
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of Ihe power supply 40. More specifically, in the preserjt 
embodiment, the iniliali^rilion circuit 90 outputs a high- 
level signal when the charged voltage of the power sup- 
ply 40 is less than a predetermined value, while the in- 
itialization circuit 90 outputs a low-level signal when the 
charged voltage becomes equal to or greater than the 
predetermined value. 

[0142] The up/down counter 60 does not accept an 
up/down input signal until the LOAD input becomes low. 
that is. until a system reset signal SR is output, and thus 
the counter value thereof is maintained at 7 until then. 
[0143] The up/down counter 60 has 4-bit outputs QA- 
QD. The 4th-bit output QD is at a low level when the 
counter value is equal to or less than 7. and it becomes 
high when the counter value is equal to or greater than 
8. The output OD is connected to the chopping signal 
selection means 80. 

[0144] The outputs QA-QD are input to a NAND gate 
74 and also to an OR gate 75. The outputs of the NAND 
gale 74 and the OR gale 75 are input lo the respective 
NAND gates 73 to which outputs of the synchronous cir- 
cuit 70 are also input. Thus, if the counter value be- 
comes, for example, "15" after a plurality of up count 
signals have been input, a low-level signal is output from 
the NAND gate 74. As a result, even if another up count 
signal is input to the NAND gate 73 after that, the up 
count signal is blocked by the NAND gate 73 thereby 
ensuring that no further up count signal is input to the 
up/down counter 60. On the other hand, if the counter 
value becomes equal to "0". a low-level signal is output 
from the OR gate 75 thereby blocking down count sig- 
nals. This ensures that the counter value does not ex- 
ceed "15" to "0" and does not exceed "0" to "15V 
[0145] The chopping signal generating circuit 151 
serving as the chopping signal generator Is formed of a 
logic circuit such that three different chopping signals 
CHI -CHS with different duty ratios are generated using 
the outputs Q5-Q8 of the frequency divider 52. 
[0146] The chopping signal selection means 80 in- 
cludes AND gates 1 52 and 153 to which chopping sig- 
nals CH2 and CH3 generated by the chopping signal 
generating circuit 151 are applied respectively, an OR 
gate 154 to which the outputs of the respective AND 
gates are applied, and a NOR gate 1 55 to which the out- 
put CH4 of the OR gate 154 and the chopping signal 
CHI described earlier are applied. 
[0147] The chopping signal CH1 has a small duty ratio 
equal lo 1 /1 6. The chopping signal CH3 serves as a sec- 
ond chopping signal having a large duty ratio equal to 
15/16. The chopping signal CH2 serves as a first chop- 
ping signal having a duty ratio equal to 13/16 which is 
rather great but is not as large as the duty ratio of the 
chopping signal CH3. These chopping signals 
CHI -CHS have the same fixed frequency equal to, for 
example, 128 Hz. 

[0148] The output CH5 of the NOR gate 155 of the 
chopping signal selection means 60 is applied to the 
gates of the p-channel transistors 27 and 29. As a result. 



the transistors 27 and 29 are maintained inon-states for 
a duration in which the chopping output CH5 is at a low 
level, thereby forming a closed loop which causes the 
electric power generator 20 to be braked. 

5 [0149] On the other hand, the transistors 27 and 29 
are maintained in off-states as long as the output CH5 
is at a high level, and no braking force is applied to the 
electric power generator 20. In this way, the electric 
power generator 20 is controlled by the chopping signal • 

10 supplied via the output CH5. 

[0150] The above-described duty ratios of the chop- 
ping signals CH1-CH3 are equal to the ratios of times 
during which the electric power generator 20 is braked 
relative to one period. In the present embodiment, the 

^5 duty ratios of the chopping signals CHI -CHS are repre- 
sented by the ratios of periods of time during which the 
chopping signals are at a high level to the one period. 
[0151] The output OD of the up/down counter 60 is 
applied to both AND gates 152 and 153. Furthermore, 

20 a signal CTL1 from a power supply voltage detector 1 03 
for detecting the voltage of the power supply 40 and thus 
the voltage generated by the electric power generator 
20 is applied to the AND gates 152 and 153 in such a 
manner that the signal is directly applied to the AND gate 

2S 153 while the signal is applied to the AND gate 152 after 
being inverted. 

[0152] The operation of the present embodiment is 
described with reference to timing charts shown in Figs. 
6 and 7 and a flow chart shown in Fig. 8. 
30 [0153] When a low-level system reset signal SR is ap- 
plied from the initialization circuit 90 to the LOAD Input 
of the up/down counter 60 after the electric power gen- 
erator 20 starts to operate (step 11 . hereinafter 'step" is 
represented simply as "S"), an up count signal generat- 
es ed based on a rotation detection signal FG1 and a down 
count signal generated based on a reference signal fs - 
are counted by the up/down counter (SI 2). The syn- 
chronous circuit 70 controls these signals so that they 
are not applied to the counter 60 at the same time. 
40 [0154] Thus, when an up count signal is input, the 
counter value is incremented to "8" from an initial value 
of "7", and a high-level signal is output via the output QD . 
to the AND gates 152 and 153 of the chopping signal 
selection means 80. 
45 [01 55] If a down count signal is input and the counter 
value returns to "7". a low-level signal is output via the 
output QD. 

[0156] The chopping signal generating circuit 151 
serving as the chopping signal generator outputs chop- 
so ping signals CH1-CH3 using the outputs Q5-Q8 of the 
frequency divider 52, as shown in Fig. 7. 
[0157] If the output QD of the up/down counter 60 is 
at a low level (when the counter value is equal to or less 
than "7"), the outputs of the AND gates 162 and 153 
55 becomes low. and thus the output CH4 also becomes 
low. As a result, the output CHS of the NOR gate 155 
becomes a chopping signal having obtained by inverting 
the output CHI. and thus it has a long high-level period 
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(braking-off period) and a short low-level period (brak- 
Ing-on period) As a result, the chopping signal output 
as CHS has a snnall duty ratio (the ratio of the on-period 
of the transistors 27 and 29). In this case, the total brak- 
ing period is small relative to the reference period. As a s 
result, the electric power generator 20 is braked very 
weakly so that generation of electric power is optimized 
(SI 3, SI 4). Herein, this operation mode is referred to 
as a weak braking mode. 

[01 58] On the other hand, vi^en the output QD of the io 

up/down counter 60 is at a high level (when the counter 
value is equal to or greater than "8"). the output CH4 is 
switched by the signal CTL1 . More specifically, when the 
voltage of the power supply 40 detected by the power 
supply voltage detector 1 03 is smaller than a reference is 
voltage (tor example 1 .2 V) (SI 5), the signal CTL1 be- 
comes low. As a result, the signal output from the AND 
gale 153 becomes low. and the chopping signal CH2 is 
directly passed through the AND gate 152. Thus, the 
chopping signal CH2 is output as the output CH4. 20 
[0159] In this case, the output of the NOR gate 155, 
that is, the output CH5 of the chopping signal selection 
means 80 serves as a chopping signal having a high- 
level period (braking-off period) which is not very short 
and having a rather long low-level period (braking-on 2S 
period). Thus, the output CHS of the chopping signal se- 
lection means 80 senses as a chopping signal (first 
chopping signal) with a rather large duty ratio (13/16). 
In this case, the total braking period becomes long rel- 
ative to the reference period, and the electric power gen- 30 
orator 20 is strongly braked. In this operation mode, the 
braking is turned off at fixed time intervals. In other 
words, the braking is performed in a chopping fashion 
which allows the braking torque to be increased while 
minimizing the reduction in electric power generated. 35 
Because there is a certain duration (3/16) in which the 
electric power generator 20 is not braked, it is ensured 
that electric power is maintained at a certain level al- 
though strong braking is applied. Thus, in this operation 
mode, strong braking Is applied while giving a high pri- 40 
ority to generation of electric power (SI 6). 
[0160] W^en the voltage of the power supply 40 be- 
comes equal to or greater than the reference voltage 
(SIS), the signal CTL1 becomes high, and thus the 
chopping signal CH3 is output as the output CH4. As a 45 
result, a chopping signal obtained by inverting the chop- 
ping signal CH3 is output as the output CHS of the chop- 
ping signal selection means 80. In this case, thus, the 
output CHS of the chopping signal selection means 80 
becomes a chopping signal (second chopping signal) so 
having a large duty ratio (15/16) with a short high-level 
period (braking-off period) and a long low-level period 
(braking-on period). Also In this operation mode, the 
electric power generator 20 is controlled in a chopping 
fashion which allows the braking torque to be increased ss 
although a certain reduction occurs in electric power 
generated. In this operation mode, because the no- 
braking period Is short (1/16), strong braking is applied 



while giving a higher priority to the brakingforce (braking 
torque) than to electric power generated. 
[0161] Electric charges generated by the electric pow- 
er generator 20 are stored in the power supply 40 via 
the rectifying circuit 41 as described below. When the 
voltage of the first terminal W\G^ is positive and that of 
the second terminal MG2 is negative, the first field effect 
transistor (FET) 26 is turned on and the third field effect 
transistor (FET) 28 is turned off. As a result, electric 
charges generated by the electric power generator 20 
by means of induction are stored into the capacitor 23. 
with a capacitance of, for example, 0.1 \iF via a path 
including the first terminal MG 1 capacitor 23 diode 
25 -4 second terminal MG2, and also stored into the 
power supply (capacitor) 40 with a capacitance of, for 
example, 10 pF via a path including the first terminal 
MG1 first switch 21 power supply 40 diode 24 

diode 25 second terminal MG2. 
[0162] On the other hand, when the voltages of the 
first and second terminals MG1 and MG2 are switched 
such that the first terminal MG1 becomes negative and 
that of the second terminal MG2 becomes positive, the 
first field effect transistor (FET) 26 is turned off and the 
third field effect transistor (FET) 28 is turned on. As a 
result, the power supply (capacitor) 40 is charged up 
with the sum of the voltage generated by the electric 
power generator 20 and the voltage stored in the capac- 
itor 23 viia a path including the capacitor 23 -> first ter- 
minal MG1 -^electric power generator 20 -^second ter- 
minal MG2 -4 second switch 22 — > power supply 40 — > 
diode 24 capacitor 23. 

[0163] In each operation mode, when the electric 
power generator 20 is opened in response to the chop- 
ping signal CHS after being closed, a high voltage is 
generated across the coll. and this high voltage makes 
a contribution to an increase in the charging efficiency 
of the power supply (capacitor) 40. 
[0164] In the case where the spring la has a strong 
torque and thus the electric power generator 20 is rotat- 
ed at a high speed, there is a possibility that another up 
count signal is input after the counter value has been 
Incremented to "3" in response to an up count signal. In 
this case, the counter value Is Incremented to "9", and 
the output QD described above is maintained at the high 
level, and thus strong braking is applied while turning 
off the braking at fixed time intervals in response to the 
inverted signal of the chopping signal CHS. The strong 
braking resulls in a reduction in the rolalional speed of 
the electric power generator 20. As a result, if the refer- 
ence signal fs (down count signal) is input twice before 
the rotation detection signal FGI is input, the counter 
value is decremented to "8" and then to "7". When the 
counter value becomes "7", the operation mode is 
switched into the weak braking mode. When the spring 
la has a very large torque, the counter value may in- 
crease to "9" and further to "10". In such a high-torque 
state, the voltage stored in the power supply 40 be- 
comes large and thus the signal CTL1 is switched to a 
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high level, and the output CHS becomes a chopping sig- 
nal which causes a large braking force The large brak- 
ing force results in a quick reduction in the rotational 
speed of the electric power generator 20. 
[0165] As a result of such a control, the rotational 
speed of the electric power generator approaches the 
set value, until reaching a locked state in which the up 
count signal and the down count signal are alternately 
input and thus the up/down counter alternately has val- 
ues "8" and "7". In this locked slate, strong braking in 
two different modes (high priority is given to generation 
of electric power in one mode while high priority is given 
to braking in the other mode) and weak braking are ap- 
plied in turn depending on the counter value and the volt- 
age of the power supply. That is, a chopping signal with 
a large duty ratio (15/1 6 or 13/16) and a chopping signal 
with a small duty ratio are alternately applied to the tran- 
sistors 27 and 29 during each cycle in which the rotor 
rotates one revolution thereby controlling the rotation of 
the electric power generator 20 in a chopping lashion. 
[0166] When the torque of the spring la becomes 
small as the spring la is released, the braking period 
gradually decreases, and the electric power generator 
20 comes to have a rotational speed close to the stand- 
ard speed without applying braking. 
[0167] Eventually, a large number of down count sig- 
nals are input in a state in which no braking is applied. 
Thus, when the counter value becomes equal to or 
smaller than "6". it is determined that the torque of the 
spring la has become very low. and the hands are 
stopped or their moving speeds are reduced to very low 
levels. Furthermore, an alarm is sounded or a lamp is lit 
to warn a user to rewind the spring la. 
[0168] Thus, the control is performed in the strong 
braking mode using a chopping signal with a targe duty 
- ratio when the output QD of the up/down counter 60 is 
at the high level. In the strong braking mode, the mag- 
nitude of braking is switched between two levels de- 
pending on the voltage stored in the power supply 40 
(voltage generated by the electric power generator 20), 
that is. depending on the driving torque of the spring la. 
[01 69] That is, the operation mode is switched by the 
gates 152-155 between the strong braking mode and 
the weak braking mode depending on the output QD of 
the up/down counter 60. Furthermore, in the strong 
braking mode, the operation mode is switched by the 
gates 152-155 between a mode in which a high priority 
is given lo the brake and a mode in which a high priority 
is given to the power generation depending on the signal 
CTL1 of the power supply voltage detector 103. that is, 
depending on the voltage of the power supply 40. Thus, 
in the present embodiment, the power supply voltage 
detector 103 serves as priority determination means for 
determining the priority of the braking torque applied to 
the electric power generator versus the priority of gen- 
eration of electric power by the electric power generator 
in the strong braking mode. Furthermore, the up/down 
counter 60 and gates 1 52-1 55 form chopping signal se- 



lection means 80 for selecting a chopping signal used 
in the strong braking mode in accordance with the output 
of the power supply voltage detector 103 sending as the 
priority determination means. In the present embodi- 

5 ment, the chopping signal selection means 80 selects 
not only chopping signals used in the strong braking 
mode but also chopping signals used in the strong and 
. weak braking modes. 
[0170] In the present embodiment, when the output 

TO QD is at the low level, the chopping signal CH5 has a 
small duty ratio equal to 1/16 or 0.0625 (the high-level 
period versus the low-level period = 1 5 : 1 ). On the other 
hand, when the output QD is at the high level and when 
the voltage of the power supply 40 is smaller than 1.2 
V, the chopping signal CH5 has a duty ratio equal to 
13/16 or 0.8125 (the high-level period versus the low- 
level period = 3:13). When the output QD is at the high 
level and when the voltage of the power supply 40 is 
equal to or greater than 1 .2 V, the chopping signal CH5 

20 has a duty ratio equal lo 15/16 or 0.9375 (the high-level 
period versus the low-level period =1 : 1 5). 
[0171] The electric power generator outputs electric 
power having an AC waveform corresponding to the 
change in the magnetic flux, via the terminals MG1 and 

2S MG2. Herein, the chopping signal CHS having a fixed 
frequency and having a duty ratio which varies depend- 
ing on the output signal QD is applied to the transistors 
27 and 29 (switches 21 and 22). When the output QD 
rises up to a high level, that is. in the strong braking 

30 mode, the braking period in each chopping cycle be- 
come long. As a result, the braking force becomes great- 
er and thus the rotational speed of the electric power 
generator is reduced. Although the braking force results 
in a reduction in the electric power generated by the 

35 electric power generator, energy stored during the brak- 
ing period, is output when the switches 21 and 22 are 
turned off by the chopping signal. Thus the output volt- 
age is increased, and the reduction in the electric power 
generated by the electric power generator is compen- 

^0 sated for. Thus, it is possible to increase the braking 
torque while minimizing the reduction in electric power 
generated. 

[0172] When the output QD is at a low level, that is. 
in the weak braking mode, the braking perbd in each 

45 chopping cycle become short. As a result, the braking 
force becomes lower and thus the rotational speed of 
the electric power generator increases. Also in this case, 
the voltage is increased when the transistors 27 and 29 
(switches 21 and 22) are turned off from on-states by 

so the chopping signal. This makes it possible to increase 
the generated electric power even compared with elec- 
tric power obtained when braking is not applied at all. 
[0173] The AC output of the electric power generator 
20 is stepped up and rectified by the voltage doubter 

55 rectifier 41 and then stored in the power supply (capac- 
itor) 40. The rotation controller 50 is driven by the power 
supply 40. 

[01 74] Because the output QD of the up/down counter 
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60 and the chopping signal CHS are both produced on 
the basis of the outputs Q5-0& and Q1 2 of the frequency 
divider 52 such that the (requency of the chopping signal 
CHS becomes equal lo an integral multiple of the fre- 
quency of the output OD. the transition of the output lev- s 
el of QD, that is, the timinq of transition between strong 
and weak braking operations, is synchronous with the 
chopping signal CHS. 

[0175] The present embodiment has various advan- 
tages as described below. " io 
[0176] (1) The up count signal based on the rotation 
detection signal FGl and the down count signal based 
on the reference signal Is are input to the up/down coun- 
ter 60. If the count value associated with the rotation 
detection signal FG1 (up count' signal) is greater than is 
the count value associated with the reterence signal fs 
(down count signal) (that is, if the counter value is equal 
to or greater than "8" In the case where the initial value 
of the counter 60 is set to "7"). strong braking is applied 
lo the electric power generator 20 by the braking circuit 20 
120. Conversely, when the count value associated with 
the rotation detection signal FGl is equal to or smaller 
than the count value associated with the reference sig- 
nal fs (equal to or smaller than "7"), weak braking is ap- 
plied to the electric power generator 20. As a result, 2s 
even if there is a large deviation of the rotational speed 
of the electric power generator 20 from the standard 
speed when the electric power generator 20 is started 
or in other situations, the rotational speed of the electric 
power generator 20 quickly approaches the standard 30 
speed. That is. a quick response can be achieved in the 
control of the rotational speed. 

[0177] (2) The control mode is switched between the 
strong braking mode and the weak braking mode using 
chopping signals CHS having different duty ratios so as 3S 
toapplyalarge braking force (large braking torque) with- 
out causing a reduction in the charged voltage (voltage 
generated by the electric power generator). In particular, 
a chopping signal with a large duty ratio is used in the 
strong braking mode, so that a large braking torque can 40 
be applied while minimizing the reduction in the charg- 
ing voltage thereby achieving high-efficiency braking 
'control while maintaining the high stability of the system. 
This makes it possible to operate the electronically con- 
trolled mechanical clock for a longer period of time. 45 
[0178] (3) In the strong braking mode, the braking 
torque is varied between two levels depending on the 
charged voltage of the power supply 40, that is, depend- 
ing on the rotational speed of the electric power gener- 
ator 20. so 
[0179] As can be seen from Figs. 32 to 35, if a chop- 
ping signal having a frequency of 1 28 Hz and a duty ratio 
of 15/16 is employed, it is possible to increase the brak- 
ing torque applied to the electric power generator 20 
without causing a significant reduction in the charged ss 
voltage. That is, the electric power generator 20 can be" 
controlled such that a higher priority is given to the brak- 
ing force. On the other hand, if a chopping signal having 



a frequency of 128 Hz and a duty ratio of 13/16 is em- 
ployed, then it is possible to increase the charged volt- 
age while maintaining the braking force at a certain lev- 
el. That is, the electric power generator is controlled 
such that a higher priority is given to generation of elec- 
tric power 

[01 80] (4) Because a chopping signal with a small du- 
ty ratio is used also in the weak braking mode, the 
charged voltage during the weak braking operation can 
be further improved. 

[0181] More specifically, as can be seen from Figs. 32 
to 35, if a chopping signal having a frequency of 1 28 Hz 
and a duty ratio of 1/16 is employed, the braking torque 
is maintained at a low level and a considerably improved 
charged voltage can be obtained. 
[0182] (5) The switching between the strong braking 
mode and the weak braking mode is performed depend- 
ing only on whether the counter value is equal to or 
smaller than "7" or equal to or greater than "8", without 
needing a setting of the braking lime or the like. This 
allows the rotation controller 50 to be constructed in a 
simple form. Therefore, the component cost and pro- 
duction cost can be reduced, and thus it is possible to 
provide an electronically controlled mechanical clock at 
low cost. 

[01 83] (6) The timing of inputting the up count signal 
varies depending on the rotational speed of the electric 
power generator, and thus the period during which the 
counter has a value equal to "8". that is, the period dur- 
ing which a barking force is applied, is automatically 
controlled. In particular, in a locked state in which up 
count signals arid down count signals are alternately in- 
put, the control is performed in a quick and stable fash- 
ion. 

[0184] (7) The use of the up/down counter 60 em- 
ployed as the braking control means alfows up count sig- 
nals and down count signals to be counted and also al- 
lows the difference between the counted values thereof 
to be calculated at the same time. That is, it is possible 
to easily determine the difference between the counted 
values using a simple circuit configuration. 
[0185] (8) The use of the 4-bit up/down counter 60 al- 
lows counting to be performed in the range of sixteen 
counter values. Therefore, when a plurality of up count 
signals are input at short time intervals, the up/down 
counter 60 can cumulatively count the input signals. 
Thus, the cumulative error can be corrected as long as 
the counter value is within the range of 0 lo 15 when a 
plurality of up count signals or down count signals are 
input at short time intervals. Therefore, even if the rota- 
tional speed of the electric power generator 20 greatly 
deviates from the standard speed, the cumulative error 
of the rotational speed of the electric power generator 
20 can be corrected and the rotational speed can be re- 
turned to the standard speed, although it takes a rather 
long time until the system comes into the locked state. 
Thus, it is possible to move the hands at correct intervals 
from the long-term view point. 
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[0186] (9) The initialization circuit 90 is provided to 
prevent the electric power generator 20 trom being 
braked until the power supply 40 is charged to a prede- 
termined voltage alter the start of the operation of the 
electric power generator 20. That is, in the initial stale, 
the charging of the power supply 40 is pert ornned in pref- 
erence to the other items thereby ensuring that it quickly 
becomes possible for the power supply 40 to drive the 
rotation controller 50. This also results in higher stability 
in the following operation of controlling the rotation. 
[0187] (10) The timing of transition of the signal level 
of the output OD. that is, the switching timing between 
the strong braking mode and the weak braking mode is 
synchronized with the timing of the on-to-oft transition 
of the chopping signal CHS. As a result, the electric pow- 
er generator 20 outputs high-voltage spikes at fixed time 
intervals in synchronization with the chopping signal 
CHS. These high-voltage spikes may be used as rale 
indication pulses of the clock. If the output QD is not 
synchronized with the chopping signal CHS. Ihe electric 
power generator 20 outputs high-voltage spikes not only 
when the chopping signal CHS varies in level at fixed 
intervals but also when the output QD varies in level. In 
this case, the intervals of the "high-voltage spikes" out- 
put from the electric power generator 20 arc not neces- 
sarily uniform, and the high-voltage spikes cannot be 
used as rate indication pulses. In contrast, the synchro- 
nization technique employed in the present embodiment 
allows the high-voltage pulses to be used as rate indi- 
cation pulses. 

[01 88] (11) Rectification of the voltage generated by 
the electric power generator 20 is performed by the first 
and third field effect transistors 26 and 28 whose gates 
are connected to the terminals MG1 and MG2. respec- 
tively. This allows rectification to be performed using a 
simple circuit configuration without having to use an ad- 
ditional component such as a comparator. Thus, a re- 
duction in the charging efficiency due to power con- 
sumption by the comparator is eliminated. Furthermore, 
because the field effect transistors 26 and 2B are turned 
on and off using the terminal voltage of the electric pow- 
er generator 20, Vf\e field effect transistors 26 and 28 are 
turned on and off in synchronization with the polarity of 
the terminal voltage of the electric power generator. This 
results in an improvement in the rectification efficiency. 
Furthermore, the second and fourth field effect transis- 
tors 27 and 29 are connected in parallel to the transistors 
26 and 28. respectively, so that the electric power gen- 
erator 20 can be controlled in the chopping fashion in- 
dependently using the field effect transistors 27 and 28 
without having to use a complicated circuit configura- 
tion. That is, it is possible to provide a rectifying circuit 
41 simply configured and capable of performing chop- 
ping rectification in synchronization with the polarity of 
the electric power generator 20 while stepping up the 
voltage. 

[0189] Now, a second embodiment of the present in- 
vention is described below with reference to Fig. 9. In 



the second embodiment, the same or similar elements 
as or to those in the first embodiment are denoted by 
the same reference numerals, and they are not de- 
scribed in further detail herein. 

5 [0190] In this second embodiment, a chopping signal 
generating circuit 151 A serving as the chopping signal 
generator outputs chopping signals CH1 2 and 1 3 equal 
in duty ratio but different in frequency. More specifically, 
the chopping signal CHI 2 has a duty ratio of 13/16 and 

10 a frequency of SI 2 Hz. On the other hand, the chopping 
signal CH13 has the same duty ratio 13/16 but has a 
smaller frequency 64 Hz. The signal CH11 always has 
a duty ratio equal to 0/16. That is. the signal CH11 is 
always at a low level. 

'5 [0191] In this second embodiment, in contrast to the 
first embodiment in which the signal CTL1 output from 
the power supply voltage detector 103 is used to switch 
the output of the OR gate 1 54. a braking amount detec- 
tor 100 is provided, and the output of the OR gale 1S4 

20 is switched in accordance with the signal CTL2 output 
from the braking amount detector 100. 
[01 92] The braking amount detector 1 00 receives the 
reference signal fs and the rotation detection signal FG 1 
and calculates the ratio a/b of the braking period a to 

2S the rcforoncG signal period b. In the above calculation, 
the braking period a is determined by detecting the 
phase difference between the rotation detection signal 
FG1 and the reference signal fs using a timer. As also 
shown in Fig. 10. if the relative braking period a/b is less 

30 than a reference value (for example 50%), the braking 
amount detector 1 00 outputs a low-level signal as CTL2, 
while the braking amount detector 1 00 outputs a high- 
level signal as CTL2, if the relative braking period a/b is 
equal to or greater than the reference value. 

35 [0193] Thus, in the present embodiment, as shown in 
Fig. 11 and also in the flowchart of Fig. 12, the initiali- 
zation circuit 90 outputs a system reset signal SR (S21 ), 
and the up/down counter 60 counts up count signals and 
down count signals (S22). When the counter value of 

40 the up/down counter 60 is less than "7" and thus the 
output QD is at a low level (S23), the output CHI S of the 
chopping signal selection means 80 is given by the in- 
verted signal of CH11 , and thus it is maintained at a high ~ 
level. As a result, the switches 21 and 22 are maintained 

45 in off-states, and no braking force is applied to the elec- 
tric power generator 20 (braking-off stale). In this case, 
an AC output of the electric power generator 20 is di- 
rectly output (S24). 

[0194] If the output QD rises up to a high level, the 
50 operation is switched into the strong braking mode 
(S23). In this strong braking mode, if the relative braking 
period is less than the reference value and thus the sig- 
nal CTL2 is at a low level (S25), the signal (first chopping 
signal) which is obtained by inverting the chopping sig- 
55 nal CHI 2 and which has a frequency of 512 Hz and a 
duty ratio of 13/16 is output as CH15. As a result, a 
strong braking force is applied while giving high priority 
to generation of electric power (S26). In the strong brak- 
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ing mode, if the relative braking period is equal to or 
greater than the reference value and thus the signal 
CTL2 IS at a high level (S25), the signal (second chop- 
ping signal) which is obtained by inverting the chopping 
signal CHI 3 and which has a frequency of 64 Hz and a s 
duty ratio of 13/16 is output as CHI 5. As a result, a 
strong braking force is applied while giving high priority 
to braking (S27). 

[0195] Thus, in the present embodiment, the braking 
amount detector 100 serves as priority determination io 
means for determining the priority of the braking torque 
applied to the electric power generator versus the prior- 
ity of generation of electric power by the electric power 
generator in the strong braking mode. Furthermore, the 
up/down counter 60 and gates 152-1 55 form chopping is 
signal selection means 80 for selecting a chopping sig- 
nal used in the strong braking mode in accordance with 
the output of the braking amount detector 100 sen/ing 
as the priority determination means. Also in the present 
embodiment, the chopping signal selection means 80 20 
selects not only chopping signals used in the strong 
braking mode but also chopping signals used in the 
strong and weak braking modes. 

[0196] The present embodiment also has the advan- 
tages desci'ibod above in (1 )-(11) with reference to tho 25 
first embodiment. That Is, by using chopping signals 
CHI 2 and CHI 3 which are equal in duty ratio but differ- 
ent in frequency, it is possible to change the braking 
torque and the charged voltage as In the first embodi- 
ment. Furthermore, in the strong braking mode, the 30 
braking force can be switched between two levels de- 
pending on the rotational speed of the electric power 
generator 20. 

[0197] (12) As can be seen from Figs. 32 to 35. the 
use of the chopping signals CHI 2 and CHI 3 which are 35 
equal in duty ratio but different In frequency makes it 
possible to control the charged voltage and the braking 
force over wider ranges compared to the first embodi- 
ment in which chopping signals which are equal in fre- 
quency but different In duty ratio are used. Thus, the 40 
controllable operating range can be expanded, and the 
rotational speed can be controlled in a more effective 
fashion. 

[0198] A third embodiment of the present Invention is 
described below with reference to Figs. 1 3 to 1 5. In this 
third embodiment, the same or similar elements as or to 
those in the first or second embodiment are denoted by 
the same reference numerals, and they are not de- 
scribed in further detail herein. 

[0199] In the present embodiment, the output of the so 
OR gate 1 54 of the chopping signal selection means 80 
is switched in accordance with the counter value of the 
up/down counter 60. 

[0200] In the present embodiment, of the outputs QA- 
QD. the outputs QA-QC are input to an AND gate 111 ss 
after being inverted, and the output QD is directly inpuf 
to the AND gate 111. The inverted output of the AND 
gate 1 1 1 is Input to an AND gate 1 1 2. The output QD is 



also input to the AND gate 112. 

[0201] Thus, the output CH22 of the AND gate 111 
becomes high only when the counter value is equal to 
"8" and thus the output QD is high and the other outputs 
QA-QC are low. The output CH22 of the AND gate 111 
becomes low when the counter has any other value. 
[0202] The output CH23 of the AND gate 112 be- 
comes high when the counter value is equal to one of 
values "9" to "15", and the output CH23 becomes low 
when the counter has any other value. 
[0203] Thus, the initialization circuit 90 outputs a sys- 
tem reset signal SR {S31 ), and the up/down counter 60 
counts up count signals and down count signals (S32). 
If the counter value of the up/down counter 60 Is less 
than -8" ("0" to V) (S33), the outputs CH22 and CH23 
are both low. As a result, the output CH24 of the OR 
gate 154 is also low. Thus, a chopping signal obtained 
by inverting the output CHI with a small duty ratio is 
output from the NOR gate 155 as CH25. and the oper- 
ation Is performed in the weak braking mode (S34). 
[0204] When the counter value becomes *B". that Is, 
when the counter value is equal to or greater than "7" 
(S33) and is not greater than "8" (S35), only the output 
CH22 becomes high, and the output CH24 becomes 
identical to the chopping signal CH2. Thus, the chopping 
signal (first chopping signal) obtained by inverting the 
output CH24 having a duty ratio 13/16 is output as 
CH25. As a result, a strong braking force is applied while 
giving high priority to generation of electric power (S36). 
[0205] If the counter value further increases to "9" or 
greater (S35). only the output CH23 becomes high aind 
the output CH22 becomes low. As a result, the output 
CH24 becomes identical to the chopping signal CH3. 
and the chopping signal (second chopping signal) ob- 
tained by inverting the output CH24 having a duty ratio 
15/16 is output as CH25. Thus, a strong braking force 
is applied while giving high priority to braking (S37). 
[0206] The counter value of the up/down counter 60 
increases if the rotation period of the electric power gen- 
erator relative to the period of the reference signal fs 
decreases and vice versa. 

[0207] Thus, in the present embodiment, the^ up/down 
counter 60 serves as priority determination means 
which detects the rotation period of the electric power 
generator 20 thereby determining the priority of the 
braking torque applied to the electric power generator 
versus the priority of generation of electric power by the 
electric power generator in the strong braking mode. 
The output of the up/down counter 60 is also used to 
control the switching between the strong and weak brak- 
ing modes. Thus, the up/down counter 60, the gates 111. 
112, 1 52- 1 55 form chopping signal selection means 80 
for selecting a chopping a signal used in the strong brak- 
ing mode or chopping signals used in the strong and 
weak modes, respectively. 

[0208] The present embodiment also has the advan- 
tages described above in (1)-(11) with reference to the 
first embodiment. 
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[0209] (1 3) The switching ol the chopping signal used 
in the strong braking mode is performed by a simpie cir- 
cuit consisting of the AND gates 111 and 112. which is 
very simple in configuration compared with the circuit 
including the power supply voltage detector 103 or the 
braking amount detector 100 employed in the previous 
embodiments, and which results in a reduction in cost. 
[0210] A fourth embodiment of the present invention 
is described below with reference to Figs. 16 and 17. In 
this third embodiment, the same or similar elements as 
or to those in the previous embodiments are denoted by 
the same reference numerals, and they are not de- 
scribed In further detail herein. 

[0211] In the present embodiment, a chopping signal 
generating circuit 151B serving as the chopping signal 
generator outputs chopping signals CHI 2 and 1 3 which 
are different in duty ratio and frequency. 
[021 2] More specifically, a chopping signal CH32 (first 
chopping signal) having a frequency of 512 Hz and a 
duly ratio of 1 3/16 and a chopping signal CH33 (second 
chopping signal) having a frequency of 512 Hz and a 
duty ratio of 13/16 are used. 

[0213] These chopping signals CH32 and CH33 are 
switched in response to the signal CTL2 output by the 
braking amount detector 100 serving as the priority de- 
termination means. 

[0214] That is, in the present embodiment, the oper- 
ation is performed in accordance with the same flow as 
that of the second embodiment, as described below. 
That is. up count signals and down count signals are 
counted by the up/down counter. When the counter val- 
ue of the up/down counter 60 is less than V" and thus 
the output QD is at a low level, the output CH35 of the 
chopping signal selection means 80 is given by the in- 
verted signal of CH1 1 , and thus it is maintained at a high 
level. As a result, the switches 21 and 22 are maintained 
in off-states, and no braking force is applied to the elec- 
tric power generator 20. That is, the operation is per- 
formed in the braking-off state,. 

[0215] When the output QD is at a high level and the 
operation is performed in the strong braking mode, if the 
relative braking period is less than the reference value 
and thus the signal CTL2 is at a low level, the signal (first 
chopping signal) which is obtained by inverting the 
chopping signal CH32 and which has a frequency of 51 2 
Hz and a duty ratio of 13/16 is output as CH35. As a 
result, a strong braking force is applied while giving high 
priority to generation of electric power. In the strong 
braking mode, if the relative braking period is equal to 
or greater than the reference value and thus the signal 
CTL2 is at a high level, the signal (second chopping sig- 
nal) which Is obtained by inverting the chopping signal 
CH33 and which has a frequency of 64 Hz and a duty 
ratio of 13/16 is output as CH35. As a result, a strong 
braking force is applied while giving high priority to brak- 
ing. 

[021 6] Thus, in the present embodiment as in the sec- 
ond embodiment, chopping signal selection means 80 
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is formed of the up/down counter 60 and the gates 
152-155. 

[0217] The present embodiment also has the advan- 
tages described above in (1 )-(1 1 ) with reference to the 

5 first embodiment. 

[0218] (14) Furthermore, because both the frequency 
and the duty ratio of each chopping signal CH32 and 
CH33 are varied, the following advantage is obtained. 
That is, when an inversion of the chopping signal CH32 

TO is used, the strong braking operation can be performed 
such that a high priority is given to the charged voltage, 
that is, generation of electric power. On the other hand, 
when an inversion of the chopping signal CH33 is used, 
the strong braking operation can be performed such that 

15 a high priority is given to the braking so as to obtain a 
large braking torque. Thus, it is possible to control the 
rotation of the electric power generator in a further effi- 
cient manner. 

[0219] A fifth embodiment of the present invention is 

20 described below wilh reference lo Figs. 13 to 23. In this 
third embodiment, the same or similar elements as or to 
those in the previous embodiments are denoted by the 
same reference numerals, and they are not described 
in further detail herein. 

25 [0220] The electronically controlled mechanical clock 
according to the present embodiment has a similar con- 
struction to that of the first embodiment described above 
with reference to Fig. 1. That is, the electronically con- 
trolled mechanical clock includes a spring la serving as 

30 a mechanical energy source, a step-up wheel train 
(wheels 7-1 1 ) serving as a mechanical energy transmis- 
sion device for transmitting a torque of the spring la to 
an electric power generator 20, and hands 13, 14, and 
17 serving as time indication devices which are connect- 

35 ed lo the step-up wheel train (wheels 7-11) so as to in- 
dicate time. - - 
[0221] The electric power generator 20 is driven by 
the spring la via the step-up wheel train 7-1 1 . As a result, 
electric power is generated by means of induction, and 

40 the resultant electric power is output from the electric 
power generator 20. An AC voltage output from the elec- 
tric power generator 20 is stepped up and rectified by a 
rectifying circuit 41 such as a step-up rectifier, a full- 
wave rectifier, a half-wave rectifier, or a transistor recti- 

45 tier. The resultant stepped-up and rectified voltage is 
supplied to a capacitor (power supply) 40, and thus the 
capacitor 40 is charged by the voltage. 
[0222] The rotation controller 50 is driven by electric 
power supplied by the capacitor 40, and the rotation 

50 controller 50 controls the rotation of the electric power 
generator 20. The rotation controller 50 includes an os- 
cillator 51 . a frequency divider 52, a rotor rotation de- 
tector 53, and a braking controller 55. As shown in Fig. 
18, the rotation controller 50 controls the rotation of the 

55 electric power generator 20 by controlling a braking cir- 
cuit 120. 

[0223] In the present embodiment, the braking circuit 
120 includes first and second switches 21 and 22 for 
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electrically connecting first and second terminals MG1 
and MG2, serving as terminals for outputting a generat- 
ed AC signal (AC current), of the electric power gener- 
ator 20 to each other into a closed loop state thereby 
braking the electric power generator 20. The braking cir- s 
cult 120 is disposed on the electric power generator 20 
which also serves as a speed regulator 
[0224] The first switch 21 is constructed of. as in the 
previous ennbodiments. a first field effect transistor ' 
(FET) 26 of the p-channel type whose gale is connected io 
to the second output terminal MG2, and a second field 
effect transistor 27 connected in parallel to the first field 
effect transistor 26 wherein a chopping signal (chopping 
pulse) CH55 output by the braking controller 55 is input 
to the gate of the second field effect transistor 27. The is 
first switch 21 is disposed between the first output ter- 
minal MG 1 and a first input terminal 40a of the capacitor 
40. 

[0225] The second switch 22 is constructed of a third 
field effect transistor (FET) 28 of the p-channel lype 20 
whose gate is connected to the first output terminal. 
MG 1 . and a fourth field effect transistor 29 connected in 
parallel to the third field effect transistor 28 wherein the 
chopping signal (chopping pulse) CH55 output by the 
braking controller 55 is input to the gate of the fourth 25 
field effect transistor 29. As with the first switch 21, the 
second switch 22 is disposed between the first output 
terminal MGl and the first input terminal 40a of the ca- 
pacitor 40. 

[0226] A step-up capacitor 23 and diodes 24 and 25 30 
similar to those employed in the previous embodiments 
are disposed between the output terminals MGl and 
MG2 of the electric power generator 20 and a second 
input terminal 40b of the capacitor 40. 
[0227] The step-up capacitor 23 connected to the 3S 
electric power generator 20, the diodes 24 and 25. and 
the first and second switches 21 and 22 form a voltage 
doubler rectifier 41 . A DC signal obtained by the rectify- 
ing circuit 41 by means of rectification is supplied to the 
capacitor 40 via the input terminals 40a and 40b and 40 
stored therein. 

[0228] As shown in Fig. 1 9, the oscillator 51 of the ro- 
tation controller 50 generates an oscillating signal 
(32,768 H2)-using a quartz resonator 51 A serving as a 
standard time source. The oscillating signal output from ^5 
the oscillator 51 is divided down to a particular frequency 
by the frequency divider 52 formed of flip-flops. The out- 
put of the Iweirih stage of the frequency divider 52 is 
output as a reference signal fs at 8 Hz. Thus, the oscil- 
lator 51 and the frequency divider 52 form a reference so 
signal generator The frequency divider 52 outputs sig- 
nals having frequencies 2048 Hz. 1 024 Hz, 51 2 Hz, and 
256 Hz, at output terminals Q4, Q5, Q6, and Q7, respec- 
tively. 

[0229] As in the previous embodiments, the rotation ss 
detector 53 includes a waveform shaping circuit 61 con- 
nected to the electric power generator 20 and a monos- 
table multivibrator 62. 



[0230] The braking controller 55 includes, as in the 
previous embodiment, an up/down counter 60, a syn- 
chronous circuit 70. first and second chopping signal 
generation means 81 and 85 serving as a chopping sig- 
nal generator and chopping signal selection means 80, 
[0231] The rotation detection signal FG1 output from 
the rotation detector 53 and the reference signal fs out- 
put from the frequency divider 52 are Input to the up/ 
down counter 60 via an up count input and a down count 
Input, respectively. 

[0232] As shown in Fig. 19. the synchronous circuit 
70 includes four flip-flops 71 and an AND gate 72. The 
synchronous circuit 70 makes the rotation detection sig- 
nal FG1 synchronized with the reference signal fs (8 Hz) 
using the output (2048 Hz) of the fourth stage or the out- 
put (1024 Hz) of the fifth stage of the frequency divider 
52. The synchronous circuit 70 also makes an adjust- 
ment so that there is no overlap among signal pulses. 
[0233] The up/down counter 60 is constructed of a 
4-bil counter A signal (UCL, up count signal) generated 
by the synchronous circuit 70 in response to the rotation 
detection signal FG1 is applied to the up count input of 
the up/down counter 60, and a signal (DCL, down count 
signal) generated by the synchronous circuit 70 In re- 
sponse to the reference signal fs is applied to the down 
count input, whereby the counting of both the reference 
signal fs and the rotation detection signal FGl and the 
calculation of the difference therebetween are per- 
formed at the same time. 

[0234] The up/down counter 60 has four data input 
terminals (preset terminals) A-D. High-level signals are 
input to the terminals A. B, and D so that the up/down 
counter 60 is set to an initial counter value (preset value) 
equal to 11 . 

[0235] A LOAD input terminal of the up/down counter 
60 is connected to an initialization circuit 90 which is 
connected to a capacitor 40 and which outputs a system 
reset signal SR when electric power is supplied to the 
capacitor 40 for the first time. More specifically, in the 
present embodiment, the initialization circuit 90 outputs 
a high-level signal when the charged voltage of the ca- 
pacitor 40 is less than a predetermiTsed value, while the 
initialization circuit 90 outputs a low-level signal when 
the charged voltage becomes equal to or greater than 
the predetermined value. 

[0236] The up/down counter 70 does not accept an 
up/down input signal until the LOAD input becomes low. 
that is, until the system reset signal SR becomes low, 
and thus the counter value thereof is maintained at "11" 
until then. 

[0237] The up/down counter 60 has 4-bit outputs QA- 
QD. Therefore, if the counter value is equal to or greater 
than "12", the third-bit output QC and the fourth-bit out- 
put QD both become high. On the other hand, if the 
counter value is equal to or less than "11", at least one 
of the third-bit output QC and the fourth-bit output QD 
becomes low. 

[0238] Therefore, if the counter value of the up/down 
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counter 60 is equal to or greater than "12". the output 
LBS of the AND gate 110 to which the outputs QC and 
QD are input becornes high, while the output LBS be- 
comes low when the counter value is equal to or less 
than "11". The output LBS Is applied to the chopping sig- 
nal selection means 80. 

[0239] The output of the NAND gate 11 6 to which the 
outputs QA-QD are input and the output of the OR gate 
1 17 to which the outputs QA-QD are also input are ap- 
plied to the NAND gate 118 to which the output of the 
synchronous circuit 70 is also input. Thus, if the counter 
value becomes, for example, "15" after a plurality of up 
count signals have been input, a low-level signal is out- 
put from the NAND gate 1 1 6. As a result, even if another 
up count signal is input to the NAND gate 118 after that, 
the up count signal Is blocked by the NAND gate 118 
thereby ensuring that no further up count signal is input 
to the up/down counter 60. On the other hand, if the 
counter value becomes equal to "0", a low-level signal 
is output Irom the OR gale 117 thereby blocking down 
count signals. This ensures that the counter value does 
not exceed "15" to "0" and does not.exceed "0" to "15". 
[0240] The chopping signal generator is formed of the 
first chopping signal generation means 81 for generat- 
ing a first chopping signal CH51 and the second chop- 
ping signal generation means 85 for generating a sec- 
ond chopping signal CH52. 

[0241] The first chopping signal generation means 81 
is formed of three AND gates 82-84 so that the first chop- 
ping signal CHI is generated using the outputs 04-07 
of the frequency divider 52. 

[0242] The second chopping signal generation 
means 85 for outputting the second chopping signal 
CH52 is formed of a divide-by-5 frequency divider which 
receives the output 06 of the frequency divider 52 as a 
clock signal and which is reset by a signal UCL. 
[0243] The chopping signal selection means 80 is 
constructed such that it selects one of the chopping sig- 
nals CH51 and CH52 in accordance with the output LBS 
of the AND gate 110 and outputs the selected chopping 
signal. More specifically, the chopping selection means 
80 is constructed of a fpp-flop 86, AND gates 87 and 88. 
and a NOR gate 89, wherein the flip-flop 86 receives the 
output LBS of the up/down counter 60 as a data input 
and the chopping signal CH52 as a clock signal and out- 
puts a switching signal LBS1 which controls the switch- 
ing between braking and non-braking states, and 
wherein a chopping signal serving as a weak braking 
control signal (inverted signal of the first chopping signal 
CH51) and a chopping signal serving as a strong brak- 
ing control signal (inverted signal of the second chop- 
ping signal CH52) are output by the AND gates 87 and 
88 and the NOR gate 89 in accordance with the switch- 
ing signal LBS1 . 

[0244] Thus, as shown in Figs. 20 and 21, the chop- 
ping signal serving as the weak braking control signal 
(obtained by inverting the first chopping signal CH51) 
having a high frequency (256 Hz) and a small duty ratio 



(ratio of the braking period to the one period, that is. the 
relative length of the low-level period) and the chopping 
signal serving as the strong braking control signal (ob- 
tained by inverting the second chopping signal CH52) 
s having a low frequency (512/5 = 102.4 Hz) and a large 
duty ratio are alternately switched in response to the out- 
put LBS1 and output as the chopping signal CH55 from 
the NOR gate 89 of the chopping signal selection means 
80. 

10 [0245] The chopping signal CH55 is applied to the 
transistors 27 and 29 of the braking circuit 120. There- 
fore, when the chopping signal CH55 is low, the transis- 
tors 27 and 29, that is, the switches 21 and 22 are main- 
tained in closed stales, and thus the electric power gen- 

'5 erator 20 is short-circuited through a closed loop formed 
by the switches 21 and 22. As a result, the electric power 
generator-20 is braked. 

[0246] On the other hand, when the chopping signal 
CHS is at a high level, the transistors 27 and 29 are 
20 maintained in ofl-stales. and no braking lorce is applied 
to the electric power generator 20. Thus, the electiic 
power generator 20 is controlled in a chopping fashion 
by the chopping signal CH55. 

[0247] The operation of the present embodiment is 
25 described with reference to timing charts shown in Figs. 
20, 21 , and 22 and a flow chart shown in Fig. 23. 
[0248] When a low-level system reset signal SR is ap- 
plied from the initialization circuit 90 to the LOAD input 
of the up/down counter 60 after the electric power gen- 
30 . erator 20 starts to operate (S51 ). an up count signal 
(UCL) generated based on a rotation detection signal 
FG1 and a down count signal (DCL) generated based 
on a reference signal fs are counted by the up/down 
counter 60 (S52). The synchronous circuit 70 controls 
35 these signals so that they are not applied to the counter 
60. at the same time. 

[0249] Thus, when an up count signal (UCL) is input, 
the counter value is incremented to "12" from an initial 
value of "11 ". As a result, the output LBS becomes high 
40 and is applied to the flip-flop 86 of the chopping signal 
selection means 80. At the same time, the second chop- 
ping signal generation means (divide-by-5 frequency dk 
vider) 85 is reset by UCL, and a pulse signal is input lb 
the clock input of the flip-flop 86. Therefore, if the coun- 
ts ter value is incremented to "12" in response to UCL, the 
output BLS1 of the flip-flop 86 rises up to a high level at 
the same time. 

[0250] If the counter value returns to "11 " in response 
to a down count signal (DCL). the output LBS becomes 

50 low. However, as shown in Fig. 21 , because the output 
LBS1 of the flip-flop 85 varies in synchronization with 
the chopping signal CH52, the output LBS does not fall 
down to the low IgvoI immediately after the input of DCL 
but falls down at the end of one period of the chopping 

55 signal CH52. 

[0251] In the chopping signal selection means 80, 
when the output LBSI of the flip-flop 86 is at a low level 
(when the counter value is equal to or less than "11"). 
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the output of the AND gate 88 is also maintained al a 
low level As a result, the NOR gate 89 outputs an in- 
version of the output CH51 as the chopping signal 
CH55. Thus, the chopping signal CH55 output from the 
NOR gate 89 has a large high-level period (braking-off 
period) and a small low-level period (braking-on period). 
That is. the chopping signal CH55 has a small duty ratio 
(the relative on-period of the switches 21 and 22) used 
in the weak braking mode. As a result, the braking-on 
period relative to the reference period becomes short, 
and the electric power generator 20 is braked very 
weakly, and a higher priority is given to optimum gener- 
ation of electric power (S53, S55). 
[0252] On the other hand, when the output LBSI of 
the flip-flop 86 is a high level (when the counter value is 
equal to or greater than "12-). the output of the AND gate 
87 is maintained at a low level. As a result, the NOR 
gate 89 an inversion of CH52 as a chopping signal 
CH55. Thus, the chopping signal CH55 output from the 
NOR gale 69 becomes a strong-braking chopping signal 
having a large duty ratio and a frequency higher than 
that of the above-described weak-braking chopping sig- 
nal. As a result, the braking-on period relative to the ref- 
erence period becomes long, and large braking is ap- 
plied to the electric power generator 20. However, be- 
cause the braking is turned off at fixed time intervals in 
a chopping fashion, a large braking torque can be ob- 
tained without causing a significant reduction in electric 
power generated. 

[0253] As shown in Fig. 22. the strong braking period 
starts in synchronization with the up count signal (UCL) 
generated based on the rotation detection signal FG1 
associated with the rotation of the rotor. However, the 
end of the strong braking period, that is the start of the 
weak braking period, is not synchronous with the down 
count signal (DCL) generated based on the reference 
signal fs but starts at the end of one period of the chop- 
ping signal CH55. Herein, because the strong-braking 
chopping signal CH55 is synchronous with the rotor ro- 
tation detection signal FG1, the timing of transition to 
the weak braking period at the end of one period of the 
strong-braking chopping signal is also synchronous with 
the rotor rotation detection signal FG 1 . 
[0254] However, because the weak-braking chopping 
signal CH55 (inversion of CH51 ) is not synchronous with 
the rotor rotation detection signal FG1 . the chopping lim- 
ing is not synchronous with the rotor rotation detection 
signal FGI , although the starling timing is synchronous. 
[0255] In the voltage doubler rectifier 41, a charge 
generated by the electric power generator 20 is stored 
in the capacitor 40 in the manner described below. 
When the voltage of the first output terminal MG 1 is pos- 
itive and that of the second output terminal MG2 is neg- 
ative, the first field effect transistor (FET) 26 is turned 
off and the third field effect transistor (FET) 28 is turned 
on. The charge generated by the electric power gener- 
ator 20 is stored into the capacitor having a capacitance 
of. for example, 0.1 via a path including the second 



output terminal MG2. the capacitor 23. the diode 25. and 
the first output terminal MG1 The charge is also stored 
into the capacitor 40 having a capacitance of, for exam- 
ple. 10 mF via a path including the second output termi- 

5 nal MG2. the second switch 22. the first input terminal 
40a, the capacitor 40, the second input terminal 40b, the 
diodes 24 and 25, and the first output terminal MG1 . 
[0256] If the polarities are switched such that the first 
output terminal MG1 is positive and the second output 

10 terminal MG2 is negative, the first field effect transistor 
(FET) 26 is turned on and the third field effect transistor 
(FET) 28 is turned off. As a result, the capacitor 40 is 
charged up with the sum of the voltage generated by the 
electric power generator 20 and the voltage stored In 

^5 the capacitor 23 via a path including, as shown in Fig. 
18, the capacitor 23 the second output terminal MG2 
the electric power generator 20 ^ the first output ter- 
minal MG1 ^ the switch 21 ^ the first input terminal 
40a the capacitor 40 the second Input terminal 40b 

^o the diode 24 the capacitor 23. 

[0257] In each state, when the electric power gener- 
ator 20 is opened in response to a chopping pulse after 
being closed, a high voltage is generated across the coil, 
and this high voltage makes a contribution to an in- 

?5 crease in the charging efficiency of the power supply 
(capacitor) 40. 

[0258] In the case where the spring la has a strong 
torque and thus the electric power generator 20 is rotat- 
ed at a high speed, there is a possibility that another up 

30 count signal is input after the counter value has been 
incremented to "12" in response to an up count signal. 
In this case, the counter value becomes "13", and the 
output LBS is maintained at a high level. As a result, 
strong braking is performed in response to the chopping 

^5 signal CH55 in such a manner that braking is turned off 
at fixed time intervals. This strong braking operation is 
continued regardless of the period of the reference sig- 
nal fs until the counter value of the up/down counter 60 
drops to a value equal to or smaller than "11". 

0 [0259] Thus the rotational speed of the electric power 
generator 20 is reduced by the braking. If. as a result of 
the reduction in the rotrftional speed, the reference sig- 
nal fs (down count signal) is input twice before the rota- 
tion detection signal FGI is input, the counter value is 

5 decremented to "12" and then to "ir. When the counter 
value becomes "ir, the control mode is switched to the 
weak braking mode. 

[0260] As a result of the control described above, the 
rotational speed of the electric power generator 20 ap- 

0 proaches the set speed, and the operation finally comes 
into a locked state in which the up count signal and the 
down count signal are alternately input and the counter 
value alternately has "12" and "11". In this case, strong 
braking and weak braking are alternately applied de- 

? pending on the counter value! That is. a chopping signal 
with a large duty ratio and a chopping signal with a small 
duty ratio are alternately applied to the switches 21 and 
22 in each cycle during which the rotor rotates one rev- 



22 



BNsnnnin' <pp 



43 



EP 1 041 464 A2 



44 



oluUon. thereby controlling the rotation of the electric 
power generator 20 in r chopping fashion. 
[0261] When the torque of the spring la becomes 
small as the spring la is released, there is a possibility 
that a plurality of down count signals (DCL) are input in 
a short period of time and thus the counter value is dec- 
remented to "IT and further to "10". In this case, the 
output LBSl is maintained at the low level, and a weak- 
braking chopping signal is continuously output as CH55. 
As a result, no strong braking is applied, and the rota- 
tional speed of the electric power generator is controlled 
at the standard speed. 

[0262] If the spring la is released further, the down 
count signal is input at shorter time Intervals even in the 
weak braking mode. Thus, when the counter value be- 
comes equal to or smaller than '1 0", it is determined that 
the torque of the spring la has become very low, and 
the hands are stopped or their moving speeds are re- 
duced to very low levels. Furthermore, an alarm is 
sounded or a lamp is lit to warn a user to rewind the 
spring la. 

[0263] Thus, when the output LBS of the up/down 
counter 60 is high and the output LBSl of the flip-flop 
86 is also high, a strong braking operation is performed 
in response to a chopping signal having a large duty ra- 
tio. On the other hand, when the output LBS of the up/ 
down counter 60 is low and the output LBSl of the flip- 
flop 86 is also low, a weak braking operation is per- 
formed in response to a chopping signal having a small 
duty ratio. That is, the control mode is switched between 
the strong braking mode and the weak braking mode in 
accordance with the output of the up/down counter 60. 
and more directly in accordance with the output of the 
flip-flop 86 serving as the chopping signal selection 
means 80. 

[0264] The electric power generator outputs electric 
power having an AC waveform corresponding to the 
change in the magnetic flux, via the terminals MG1 and 
MG2. Herein, a chopping signal CHS having a frequency 
and a duty ratio which both vary depending on the output 
signal LBS1 is applied to the switches 21 and 22. When 
the output LBSl is high, thaljs, in the strong braking 
mode, the braking period in each chopping cycle be- 
comes long. As a result, large braking Is applied to the 
electric power generator 20 and the rotational speed 
thereof is reduced. The braking also results in a reduc- 
tion in electric power generated. However, energy is 
stored during the braking period, and the stored energy 
is output when the switches 21 and 22 turn off in re- 
sponse to the chopping signal CH55. That is, the voltage 
is increased as a result of the chopping operation, and 
the reduction in the electric power generated by the 
electric power generator is compensated for. Thus, it is 
possible to increase the braking torque while minimizing 
the reduction in electric power generated. 
[0265] Conversely, when the output LBSl is low. that 
is. in the weak braking mode, the braking period in each 
chopping cycle become short. As a result, the braking 



force becomes lower and thus the rotational speed of 
the electric power generator increases. Also in this case, 
the voltage is increased when the closed switches 21 
and 22 are opened by the chopping signal CH55. This 

5 makes it possible to increase the generated electric 
power even compared with electric power obtained 
when braking is not applied at all. 
[0266] The AC output of the electric power generator 
20 is stepped up and rectified by the voltage doubler 

10 rectifier 21 and then stored in the power supply (capac- 
itor) 40. The rotation controller 50 is driven by the power 
supply 40. 

[0267] The present embodiment has advantages as 
described below. 

15 [0268] (21) Because the timing of the start of the chop- 
ping signal CH55 for applying a braking force is synchro- 
nized with the up count signal (UCL) generated based 
on the rotor rotation detection signal FG1, It is ensured 
that strong braking is applied immediately after the 

20 strong-braking chopping signal is started in response to 
the UCL signal. This make is possible to control the ro- 
tational speed in a quick and highly reliable fashion. 
[0269] (22) On the other hand, the transition from the 
strong braking mode to the weak braking mode is not 

25 performed immediately after the input of the down count 
signal (DCL) generated based on the reference signal. 
Instead, the transition is performed in synchronization 
with the period of the strong-braking chopping signal 
CH55. This ensures that the strong-braking chopping 

30 signal CH55 is applied to the switches 21 and 22 over 
a time corresponding to that period. This makes it easy 
to calculate the braking force, and thus it becomes pos- 
sible to control the rotational speed in a more precise 
fashion. 

35 [0270] (23) When the counter value of the up/down 
counter 60 is equal to or greater than "12", the strong 
braking mode is maintained. Therefore, when the spring 
la has a large torque and thus the rotational speed of 
the rotor of the electric power generator 20 is high, the 

40 rotational speed is reduced down to the standard speed 
in a short time. That is, the response speed of the rota- 
tional speed control is improved compared with the case 
where braking is turned on and off in each period of the 
reference signal. 

45 [0271] Conversely, when the counter value of the up/ 
down counter 60 is equal to or smaller than "11", the 
weak braking mode is maintained. Therefore, when the 
torque of the spring la becomes low and thus the rota- 
tional speed of the rotor of the electric power generator 

so becomes low, the rotational speed is returned to the 
standard speed because no strong braking is applied. 
Also in this case, the control of the rotational speed is 
quickly performed compared with the case where brak- 
ing is turned on and off in each period of the reference 

55 signal. 

[0272] (24) The control mode is switched between the 
strong braking mode and the weak braking mode using 
chopping signals CHS having different duty ratios and 
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different frequencies so as to apply a large braking force 
(large braking torque) without causing a reduction in the 
charging voltage (voltage generated by the electric pow- 
er generator). In particular, a chopping signal having a 
large duty ratio and having a low chopping frequency is 
used in the strong braking mode, so that a large braking 
torque can be applied while minimizing the reduction in 
the charging voltage thereby achieving high-efficiency 
braking control while maintaining the high stability of the 
system. This makes it possible to operate the electron- 
ically controlled mechanical clock for a longer period of 
time. 

[0273] That is, when the electric power generator 20 
is controlled in a chopping fashion by applying a chop- 
ping signal to the switch such that the switch connects 
the two terminals of the electric power generator 20 into 
a closed loop state in response to the chopping signal, 
the driving torque (braking torque, damping torque) In- 
creases with decreasing chopping frequency and with 
increasing duly ratio, as shown in Figs. 32-35. In con- 
trast, the charged voltage (generated voltage) increases 
with increasing chopping frequency. However, a signif- 
icant reduction in the charged voltage (generated volt- 
age) does not occur when the duty ratio increases. On 
the contrary, at frequencies higher than 50 Hz, the 
charged voltage increases with increasing duty ratio in 
a range where the duty ratio is less than 0.8. Therefore, 
by selecting the frequency and the d uty ratio of the chop- 
ping signal CH31 in the manner as employed in the 
present embodiment, it is possible to increase the brak- 
ing force without causing a reduction in the charged volt- 
age (generated voltage). Thus, the rotational speed can 
be controlled in an effective fashion. 
[0274] (25) The up count signal (UCL) generated on 
the basis of the rotation detection signal FG1 and the 
down count signal ( DC L) generated on the basis of the 
reference signal fs are Input to the up/down counter 60, 
and the delay or lead of phase is detected for both sig- 
nals. The detection result is reflected in the braking op- 
eration in the one period immediately after the detection. 
Therefore, even if a short-term fluctuation occurs in the 
rotational speed of the motor of the clock, such a fluc- 
tuation does not result in a long-term delay or lead of 
time. That is, the rotational speed is precisely controlled, 
and high time indication accuracy is obtained. 
[0275] (26) In the voltage doubler rectifier 41, rectifi- 
cation is performed using the first and third field effect 
transistors 26 and 28 whose gales are connecled to Ihe 
terminals MGl and MG2, respectively. Therefore, no 
comparator is required. This allows the rectifier 41 to be 
constructed in a simple form which needs a less number 
of components. Furthermore, a reduction in the charg- 
ing efficiency due to power consumption by the compa- 
rator is eliminated. Furthermore, because the field effect 
transistors 26 and 28 are turned on and off using the 
terminal voltages (voltages of the output terminals MG1~ 
and MG2) of the electric power generator 20, the field 
effect transistors 26 and 28 are turned on and off in syn- 



chronization with the polarity of the terminal voltage of 
the electric power generator. This results in an improve- 
ment in the rectification efficiency. 
[0276] (27) Furthermore, the second and fourth field 
s effect transistors 27 and 29 are connected in parallel to 
the transistors 26 and 28, respectively, so that the elec- 
tric power generator 20 can be controlled in the chop- 
ping fashion independently using the field effect transis- 
tors 27 and 28 without having to use a complicated cir- 
10 cuit configuration. That is. it is possible to provide a volt- 
age doubler rectifier 41 simply configured and capable 
of performing chopping rectification in synchronization 
with the polarity of the electric power generator 20 while 
stepping up the voltage. 
IS [0277] (28) In the rectifier 41, in addition to the in- 
creasing of the voltage using the capacitor 23, the volt- 
age is also increased by means of chopping. As a result, 
the DC voltage output from the rectifier 41. that is, the 
charged voltage of the capacitor 40 is increased. Thus, 
the charging efficiency is improved. 
[0278] (29) The use of the 4-bit up/down counter 60 
allows counting to be performed in the range of sixteen 
counter values. Therefore, when a plurality of up count 
signals are input at short time intervals: the up/down 
counter 60 can cumulatively count the input signals. 
Thus, the cumulative error can be corrected as long as 
the counter value is within the range of 0 to 15 when a 
plurality of up count signals or down count signals are 
input at short time intervals. Therefore, even if the rota- 
tional speed of the electric power generator 20 greatly 
deviates from the standard speed, the cumulative error 
of the rotational speed of the electric power generator 
20 can be corrected and the rotational speed can be re- 
turned to the standard speed, although it takes a rather 
long time until the system comes into the locked state. 
Thus. It is possible to move the hands at correct intervals 
from the long-term view point. 

[0279] (30) The switching between the strong braking 
mode and the weak braking mode is performed depend- 
ing only on whether the counter value is equal to or 
smaller than "1 1 " or equal to or greater than "12", without 
needing a-psetting of the braking time or the like. This 
allows the'rotation controller 50 to be constructed in a 
simple form. Therefore, the component cost and pro- 
duction cost can be reduced, and thus it is possible to 
provide an electronically controlled mechanical clock at 
low cost! 

[0280] A sixth embodiment of the present invention is 
described below with reference to Figs. 24 to 26. In this 
sixth embodiment, the same or similar elements as or 
to those in the fifth embodiment are denoted by the 
same reference numerals, and they are not described 
in further detail herein. 

[0281] A chopping signal generator 180 employed in 
the present embodiment is different in configuration 
from the chopping signal generator employed in the fifth 
embodiment in that the chopping signal CH65 generat- 
ed by the chopping signal generator 180 has the same 
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frequency lor both the strong and weak braking opera- 
tions. 

[0282] More specifically, the chopping signal genera- 
tor 180 includes a frequency divider 181 which is reset 
by an up count signal (UCL). 

[0283] The frequency divider 1 81 receives, at its clock 
input, the output Q3 (4096 Hz) of the frequency divider 
52 and outputs signals Q4a (2043 Hz) to Q7a (256 Hz). 
[0284] The chopping signal generator 180 further in- 
cludes: first chopping signal generation means 81 , com- 
posed of three AND gates 82 to 84. for generating a first 
chopping signal CH61 using the outputs Q4a to Q7a of 
the frequency divider 181 ; and second chopping signal 
generation means 185, composed of two OR gates 186 
and 1 87, for generating a second chopping signal CH62 
using the outputs Q4a to Q7a of the frequency divider 
181. 

[0285] Chopping signal selection means 80 including 
a flip-flop 86 is constructed in a similar manner to that 
employed in the fifth embodiment. The chopping signal 
selection means 80 outputs a switching signal LBS2 in 
synchronization with the second chopping signal CH62. 
[0286] As shown in Figs. 25 and 25, the chopping sig- 
nal CH65 output from the NOR gate 89 of the chopping 
signal selection means 80 is switched by the output 
LBS2 between a chopping signal with a small duty ratio 
for weak braking (inversion of the first chopping signal 
CH61 ) and a chopping signal having the same frequen- 
cy as that of the former chopping signal but having a 
large duty ratio for strong braking (inversion of the sec- 
ond chopping signal CH62). 

[0287] The chopping signal CH65 is applied to the 
transistors 27 and 29. Therefore, when the chopping 
signal CH65 is low, the transistors 27 and 29, that is, the 
switches 21 and 22 are maintained in closed states, and 
thus the electric power generator 20 is short-circuited 
through a closed loop formed by the switches 21 and 
22. As a result, the electric power generator 20 is 
braked. 

[0288] On the other hand, when the chopping signal 
CH65 is at a high level, the transistors 27 and 29 are 
maintained in off-states, and no braking force-is applied 
to the electric power generator 20. Thus, the electric 
power generator 20 is controlled in a chopping fashion 
by the chopping signal CH65. 

[0289] The operation of the present embodiment is 
described with reference to timing charts shown in Figs. 
25 and 26. 

[0290] When a low-level system reset signal SR is ap- 
plied from the initialization circuit 90 to the LOAD input 
of the up/down counter 60 after the electric power gen- 
erator 20 starts to operate, an up count signal (UCL) 
generated based on a rotation detection signal FG1 and 
a down count signal (DCL) generated based on a refer- 
ence signal fs are counted by the up/down counter 60. 
[0291] When the counter value has an initial value of 
"11". if an up count signal (UCL) is input, the counter 
value is incremented to "1 2". As a result, the output LBS 



becomes high and is applied to the flip-flop 86 of the 
chopping signal selection means 80. At the same time, 
frequency divider 1 81 is reset by UCL. and outputs 04a- 
Q7a are then output in response to UCL 
5 [0292] When the frequency divider 1 81 is reset, a first 
pulse signal is output as the output CH62 and applied 
to the clock input of the flip-flop 36. Thus, if the counter 
value is incremented to "12" in response to an up count 
signal (UCL), the output LBS2 of the flip-flop 86 imme- 
diately rises up to a high level. 

[0293] If the counter value returns to "11" in response 
to a down count signal (DCL), the output LBS becomes 
low. However, because the output LBS2 of the flip-flop 

86 varies in synchronization with the output CH62 as in 
IS the fifth embodiment, the output LBS2 does not fall down 

to a low level at the instant when the DCL is input, but 
falls down after the end of one period of the chopping 
signal CH62. 

[0294] In the chopping signal selection means 80, 
20 when the output LBS2 of the fitp-flop 86 is at a low level 
(when the counter value is equal to or less than "11"), 
the output of the AND gate 88 is also maintained at a 
low level. As a result, the NOR gate 69 outputs an in- 
version of the output CH61 as the chopping signal 
25 CH65. Thus, the chopping signal CH65 output from the 
NOR gate 39 has a small duty ratio. As a result, the brak- 
ing-on period relative to the reference period becomes 
short, and the electric power generator 20 is braked very 
weakly, so that a higher priority is given to optimum gen- 
30 eration of electric power. 

[0295] On the other hand, when the output LBS2 of 
the flip-flop 86 is a high level (when the counter value is 
equal to or greater than "1 2"), the output of the AND gate 

87 is maintained at a low level. As a result, the NOR 
35 gate 89 outputs an inversion of the output CH62 as the 

chopping signal CH55. Thus, the chopping signal CH65 
output from the NOR gate 89 has a large duty ratio. As 
a result, the braking-on period relative to the reference 
period becomes long, and large braking is applied to the 
40 electric power generator 20. However, because the 
braking is turned off at fixed time intervals in a chopping 
fashion, this allows the brakif»g torque to be increased 
while minimizing the reduction in electric power gener- 
ated. . 

45 [0296] Therefore, also in the present embodiment, the 
strong braking period starts in synchronization with the 
up count signal (UCL) generated based on the rotation 
detection signal FG1 associated with the rotation of the 
rotor. However, the end of the strong braking period, that 

so is the start of the weak braking period, is not synchro- 
nous with the down count signal (DCL) generated based 
on the reference signal fs but starts after the end of one 
period of the chopping signal CH65. Thus, the rotational 
speed is controlled by the chopping signals in a similar 

55 manner to the first embodiment described above. 

[0297] More specifically, the output of the flip-flop 87 
for controlling the switching between the strong braking 
mode and the weak braking mode is output in synchro- 
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nization with the output CH62. The output CH62 Is pro- 
duced using a signal output from the frequency divider 
181 which is reset by an up count signal (UCL) gener- 
ated on the basis of the rotor rotation detection signal 
FG1 , and output in synchronization with the rotation de- 
tection signal FG1. Therefore, the timing of the start of 
a strong braking operation after the end of a weak brak- 
ing operation and the timing of the start of a weak brak- 
ing operation after the end of a strong braking operation 
are both synchronized with the rotor rotation detection 
signal FG1 

[0298] Furthermore, because the chopping signal for 
weak braking (inversion of the first chopping signal 
CH61) and the chopping signal for strong braking (in- 
version of the second chopping signal) are both pro- 
duced using the signal output from the frequency divider 
181 which is reset by the rotor rotation detection signal 
FG1 , the timing of chopping operations performed in re- 
sponse to the respective chopping signals is synchro- 
nized wilh Ihe rolor rotation deleclion signal FG1. 
[0299] The present embodiment also has the advan- 
tages (11)-(13) and (15)-(30) described above with ref- 
erence to the fifth embodiment. 

[0300] Furthermore, because the starting timing of the 
weak braking operation and the chopping signal CH65 
(Inversion of the first chopping signal CH61 ) used In the 
weak braking operation are both synchronized with the 
rotor rotation detection signal FG1, the chopping signal 
used in the weak braking operation starts at the begin- 
ning of one period when the operation is switches to the 
weak braking mode. Therefore, the chopping signal 
CH65 used in the weak braking mode is also applied to 
the switched 21 and 22 for a precise period of time. 
Thus, also in the weak braking mode, the braking 
amount can be easily determined, and the control accu- 
racy of the rotational speed can be further improved. 
[0301] The present invention is not limited to the spe- 
cific embodiments described above. Various modifica- 
tions and Improvements are possible without departing 
from the scope of the present Invention. 
[0302] For example, although in the first embodiment, 
the two types of chopping signals CH2 and CH3 used 
in the strong braking mode are switched in accordance 
with the signal CTL1 which represents the power supply 
voltage detected by the power supply voltage detector 
1 03. they may be switched in accordance wilh the signal 
CTL2 representing the braking amount detected by the 
braking amount detector 100 as in the second embodi- 
ment or may be switched in accordance with the outputs 
CH22 and CH23 of the AND gates 111 and 112. that is, 
the counter value of the up/down counter 60 as in the 
third embodiment. Similarly, In other embodiments, the 
switching between the chopping signals may be por- 
fprmed in accordance with any one of the voltage of the 
power supply 40, the braking amount, and the counter 
value. Furthermore, as for the priority determination" 
means, any one of those disclosed in the first to third 
embodiments may be employed. 



[0303] The priority determination means may also be 
constructed by combining two or more components se- 
lected from the power supply voltage detector 103, the 
braking amount detector 100, and the up/down counter 
s 60. 

[0304] Furthermore, the priority determination means 
may include a rotation period detector for detecting the 
rotation period of the electric power generator 20 where- 
by the priority is determined on the basis of the rotation 

10 period and the chopping signal in the strong braking 
mode is switched in accordance with the priority. In this 
case, the rotation period detector may be constructed 
such that the rotation detection signal FG1 is input and 
the rotation period of the electric power generator 20 is 

IS detected from this signal using a time In a similar manner 
to the braking amount detector 1 00 shown in Fig. 9 or 1 6. 
[0305] More specifically, if the value of the time (de- 
tection value) is equal to or less than a reference value 
(125 ms (8 Hz) for example), the rotation period Is de- 

20 lerminedto be small, that Is, the rotational speed is de- 
termined to be high, and a chopping signal having a duty 
ratio or a chopping signal having a low frequency is se- 
lected so that a large braking force Is applied while giv- 
ing a high priority to the braking amount (braking 

25 torque). 

[0306] Conversely, if the value of the timer (detection 
value) is greater than the reference value, the rotation 
period Is determined to be large, that is, the rotational 
speed is determined to be low. In this case, it is not nec- 

30 essary to give a high priority to the braking amount in 
the operation In the strong braking mode. Thus, a chop- 
ping signal having a small duty ratio or a chopping signal 
having a high frequency is selected, and the rotation is 
controlled while giving a high priority to the generated 

-35 voltage. 

[0307] The priority determination means is not limited 
to a device which directly detects the state of the electric 
power generator 20, such as the power supply voltage 
detector 103, the braking amount detector 100, the up/ 

40 down counter 60, and the rotation period detector, but 
a device which detects the state of the electric power 
I generator 20 in an indirect fashion may also be em- 
ployed. For example, because the rotational speed 
(generated voltage) of the electric power generator 

45 greatly depends on the torque of the spring la, the stale 
of the electric power generator 20 may be estimated on 
the basis of the elapsed time from the start of release of 
the spring la from the fully wound stale delected by a 
timer or the like, and the priority may be determined on 

so the basis of the state of the electric power generator 20. 
[0308] The duty ratioof the chopping signal generated 
by the chopping signal generator Is not limited to 13/16 
and 15/16 employed In the embodiments described 
above, but other values such as 1 4/1 6 may also be em- 

55 ployed. Furthermore, the duty ratio of the chopping sig- 
nal may be selected not from 1 6 levels but from 32 levels 
such as 28/32. 31/32. That Is. for the first chopping sig- 
nal used when a high priority is given to generation of 
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electric power in the strong braking mode, the duty ratio 
is preferribly set to a value in the range tromO.75 to 0.85. 
and more preferably in the range from 0.78 to 0.82 so 
as to increase the charged voltage. On the other hand, 
for the second chopping signal used when a high priority 
is given to the braking force in the strong braking mode, 
the duty ratio Is preferably set to a value In the range 
from 0.87 to 0.97. and more preferably in the range from 
0.90 to 0.97 so as to increase the braking force, 
[0309] In the case where only type of chopping signal 
is used in the strong braking mode as in the fifth and 
sixth embodiments, the duty ratio the chopping signal 
may be set to a value in a range which contains the rang- 
es employed for the first and second chopping signals 
described above. More specifically, the duty ratio may 
be set to a value in the range from 0.75 to 0.97. 
[0310] In each embodiment, the chopping signal used 
in the weak braking mode may have a duty ratio of 1 /1 6. 
1/32. or another value, depending on the particular ap- 
plication. The frequency of the chopping signal used in 
the weak braking mode may also be set to a proper val- 
ue depending on the particular application. Instead of 
performing the weak braking operation, a braking-off op- 
eration may be performed as in the seconder fourth ern- 
bodiment. 

[0311] When the frequency of the chopping signal 
generated by the chopping signal generator is varied, 
the frequencies are not limited to 512 and 64 Hz em- 
ployed in the second embodiment. The frequencies may 
be set to. for example. 1024 and 1 2B Hz, or other com- 
binations. More specifically, the frequency of the first 
chopping signal used when a higher priority is given to 
generation of electric power in the strong braking mode 
is preferably set to a value in the range from 1 1 0 to 1 1 00 
Hz. To obtain a greater charged voltage, the frequency 
is preferably set to a value in a higher range from 500 
to 1 1 00 Hz. On the other hand, the frequency of the sec- 
ond chopping signal used when a higher priority is given 
to the braking force in the strong braking mode is pref- 
erably set to a value in the range from 25 to 1 00 Hz, and 
more preferably in the range from 25 to 50 Hz to obtain 
a greater braking force. 

[0312] When one type of chopping signal is used in 
the strong braking mode as is the case in the fifth and 
sixth embodiments described above, the frequency of 
the chopping signal may be set to a value in a range 
which contains the ranges employed for the first and 
second chopping signals described above. More specil- 
ically. the frequency may be set to a value in the range 
from 25 to 1100 Hz. 

[0313] Furthermore, the specific frequency and duty 
ratio of the chopping signal used in the fourth embodi- 
ment are not limited to the examples described above, 
but other proper values may also be employed. 
[031 4] The reference value used by the power supply 
voltage detector 103 serving as the priority determina- 
tion means to switch the chopping signal in accordance 
with the voltage of the power supply 40 is not limited to 



1.2 V employed in the embodiment, but other proper val- 
ues may also be employed. 

[0315] Furthermore, the number of reference voltag- 
es is not limited to one. For example, first and second 

5 reference voltages may be used to switch the chopping 
signal such that the switching characteristic includes a 
hysteresis. More specifically, the chopping signal is 
switched in accordance with the first reference voltage 
(1 .5 V for example) when the charged voltage gradually 

TO increases, and the chopping signal is switched in ac- 
cordance with the second reference voltage (1.0 V for 
example) when the charged voltage gradually decreas- 
es. 

[0316] The reference value used by the braking 

T5 amount detector 100 is not limited to 50% employed in 
the second embodiment, but other proper values may 
also be employed. 

[0317] In the braking circuit 1 20 in each embodiment, 
the first and second switches 21 and 22 may be replaced 

20 with the capacitor 23 and Ihe diode 24, and may be dis- 
posed on the negative side (VSS) of the power supply 
40. That is, the transistors 26-29 of the switches 21 and 
22 are replaced with n-channel transistors and inserted 
between the two terminals MG1 and MG2 of the electric 

2S power generator 20 and the negative side (VSS) of the 
power supply 40 serving as a low-voltage power supply. 
In this case, the circuit is configured such that one of the 
switches 21 and 22 connected to the negative terminal 
of the electric power generator is maintained in an on- 

30 state and the other one of the switches 21 and 22 con- 
nected to the positive terminal is turned on and off. 
[0318] In the case where the chopping signal is 
switched In accordance with the counter value of the up/ 
down counter 60, the switching manner is not limited to 

3S the example employed in the third embodiment in which 
- the chopping signal is switched among three types de- 
pending on whether the counter value is less than "8", 
equal to "8", or equal to or greater than "9", but the chop- 
ping signal may be switched depending on, for example, 

40 whether the counter value is less than "8", equal to a 
value of 8 to 9, or equal to. a value of 10 to 15. Other 
proper values may also be employed. 
[0319] Although the 4-bit up/down counter 60 is em- 
ployed as the chopping signal selection means in the 

45 braking control means for switching the control mode 
between the strong braking mode and the weak braking 
mode or the braking-off mode, an up/down counter of a 
3-bil configuration or of a configuration of a smaller 
number of bits may also be used. Conversely, an up/ 

so down counter of a 5-bit configuration or of a configura- 
tion of a greater number of bits may be employed. When 
an up/down counter of a configuration of a great number 
of bits is used, the counter can count signals over a 
greater range. As a result, it becomes possible to store 

55 a cumulative error over a greater range. This is useful 
in particular to control the rotation of the electric power 
generator 20 in a non-locked state which occurs imme- 
diately after the start of the operation of the electric pow- 
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er generator 20. On the other hand, when an up/down 
counter of a configuralton of a small number of bits is 
used, a reduction in cost can be achieved. In this case, 
the allowable range of iho cumulative error becomes 
small. . However, once the operation comes into the s 
locked state, the operation is performed in a simple fash- 
ion in which the counter value is alternately incremented 
and decrement, and thus even a 1-bit counter can be 
used. 

[0320] The braking control means is not limited to the ?o 
up/down counter. For example, the braking control 
means may be formed of first and second counters pro- 
vided for counting the reference signal fs and the rota- 
tion detection signal FGl, respectively, and a compara- 
tor for comparing the counter values of the first and sec- is 
ond counters. However, it is desirable to employ the up/ 
down counter 60 because it allows the circuit to be con- 
figured in a simpler form. Any circuit capable of detecting 
the rotation period or the like of the electric power gen- 
erator and switching the control mode between the 20 
strong braking mode and the weak braking mode in ac- 
cordance with detected rotation period may be em- 
ployed as the braking control means. The specific con- 
struction of the braking control means may be deter- 
mined as required when the invention is practiced. 2S 
[0321] Although in the first to fourth embodiments de- 
scribed above, two types of chopping signals which are 
different in duty ratio or frequency are employed to con- 
trol the braking operation in the strong braking mode, 
three or more chopping signals which are different in du- 30 
ty ratio or frequency may also be employed. Similarly, 
although in the fifth and sixth embodiments, one type of 
chopping signal is employed in the strong braking mode, 
two or more types of chopping signals may be usediri 
the strong braking mode. 35 
[0322] Instead of changing the frequency or duty ratio 
in a discrete fashion, the frequency or duty ratio may be 
continuously changed as is employed in the frequency 
modulation technique. 

[0323] In the first to fourth embodiments, the starting 40 
time of each braking operation may be synchronized 
with the rotor rotation detection signal as in the fif^h and 
sixth embodiment. When the starting timing of braking., 
operations is synchronized with the rotor rotation detec- 
tion signal, only the starting timing of strong braking op- 4S 
erations may be synchronized with the rotor rotation de- 
tection signal, or only the staring timing of weak braking 
operations may be synchronized with the rotor rotation 
detection signal. Otherwise, both the staring timing of 
strong braking operations and the staring timing of weak so 
braking operations may be synchronized with the rotor 
rotation detection signal. A proper synchronization man- 
ner may bo selected as required when the invention is 
practiced. 

[0324] The specific circuit configurations of the recti- ss 
tying circuit 41 , the braking circuit 1 20. the braking con- ~ 
troller 55. the chopping signal generator (chopping sig- 
nal generation circuits 151. 151 A and 151B, chopping 



signal generation means 81 , B5, and 135. and chopping 
signal generator 1 80). and the chopping signal selection 
means 80 are not limited to those employed in the re- 
spective embodiments, but other proper circuit configu- 
rations may also be employed as required when the in- 
vention is practiced. For example, in the rectifying circuit 
41 of the braking circuit 120. the capacitor 23 may be 
replaced with a diode 25a as shown in Fig. 27. 
[0325] The chopping signal selection means 80 is not 
limited to that constructed of logic gates, which is em- 
ployed In the respective embodiments described above, 
but the chopping signal selection means 80 may also 
be constructed using a switching device for switching 
the outputs of the chopping signal generator 1 51 and an 
integrated circuit or the like for controlling the switching 
device in accordance with the voltage generated by the 
electric power generator or the braking amount. 
[0326] The switches used to connect the two termi- 
nals of the electric power generator 20 into the closed 
loop are not limited lo the switches 21 and 22 employed 
in the embodiments described above. For example, as 
shown in Fig. 28. a resistor 30 may be connected to the 
transistor 27 such that the resistor 30 is included in the 
closed loop when the two terminals of the electric power 
generator 20 are connected into the closed loop by turn- 
ing on the transistors 27 and 29 using the chopping sig- 
nal.. What is essential Is that the switches are capable 
of connecting the two terminals of the electric power 
generator into the closed loop. 

[0327] The rectifying circuit 41 is not limited to that 
based on the chopping step-up technique, which is em- 
ployed in the embodiments described above. For exam- 
ple, the rectifying circuit 41 may include a plurality of 
capacitors so that a stepped-up voltage is obtained by 
switching the connections among the plurality of capac- 
itors. Other types of rectifying circuits may also be em- 
ployed depending on the type of the electronically con- 
trolled mechanical clock in which the electric power gen- 
erator and the rectifying circuit are installed. 
[0328] The braking circuit including the rectifying cir- 
cuit 41 is not limited to the barking circuit 120 employed 
in the embodiments described above, but any braking 
circuit may be employed as long as it is capable of con- 
trolling the electric power generator 20 in a chopping 
fashion. Although in the braking circuit 120, full-wave 
chopping is employed, half-wave chopping may also be 
employed. 

[0329] Although the frequency of the chopping signal 
in each embodiment may be properly selected depend- 
ing on a practical application, it is preferable that the fre- 
quency be equal to or higher than 50 Hz (five times the 
rotation frequency of the rotor of the electric power gen- 
erator 20) so as to improve the braking performance 
while obtaining a charged voltage equal to or greater 
than a predetermined level. Similarly, the duty ratio of 
the chopping signal may be properly selected within the 
range from 0.05 to 0.97 depending on a practical appli- 
cation 
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[0330] The rotation frequency (reference signal) of 
the rotor is not limited to 8 H7 employed in the embodi- 
ments described above, but other values such as 1 0 Hz 
may be employed depending on a practical application. 
[0331]. The application of the present invention is not 
limited to the electronically controlled mechanical clock 
described above with reference to the specific embodi- 
ments, but the invention may also be applied to a wide 
variety of electronic devices such as various types of 
watches and desk-top clocks, a portable clock, a porta- 
ble sphygmomanometer, a portable telephone, a per- 
sonal handy phone, a pager, a pedometer, a calculator, 
a portable personal computer, an electronic notepad, a 
PDA (personal digital assistant), a portable radio set. a 
toy. a music box, a metronome, and an electric shaver 
The feature that the rotation of the electric power gen- 
erator can be controlled at a fixed speed in an efficient 
fashion while maintaining the voltage generated by the 
electric power generator at a certain level is advanta- 
geous to operate various electronic devices in a stable 
fashion for a long period of time. The invention is partic- 
ularly useful when it is applied to a portable electronic 
device which Is used outdoors because a mechanical 
energy source such as a spring is used and thus an ex- 
ternal power supply is not needed, although the present 
invention may also be applied to electronic devices 
which are installed in a house or a building. 
[0332] The present invention may also be applied to 
an audio sound device such as a music box 901 shown 
in Fig. 29. 

[0333] The music box 901 includes: a barrel wheel 
910 in which a spring 911 serving as a mechanical en- 
ergy source Is placed; a winding wheel 920. meshing 
with a barref gear 912 of the barrel wheel 910, for wind- 
ing the spririg 911; a step-up wheel 930, also meshing 
with the barrel gear 91 2. for transmitting mechanical en- 
ergy of the spring 911; a step-down wheel 940 (repre- 
sented by a two-dot chain line in Fig. 29) meshing with 
a pinion of"the step-up wheel 930; sound generation 
means 950, driven via the step-down wheel 940, for 
generating a sound; an electric power generator 960 for 
converting the mechanical energy transmitted via the 
step-up wheel 930 to electrical energy; and a rotation 
controller 970 (Fig. 30) for controlling the rotational 
speed of the electric power generator 960 at a fixed val- 
ue. The music box 901 , which is an example of an elec- 
tronic device according to the present invention, may be 
used by itself or may be installed in a clock so that a 
musical sound is generated for a predetermined period 
of time. 

[0334] On the winding wheel 920, there is provided 
an electromagnetic clutch 990 having a pair of engaging 
parts and serving as a locking mechanism. If the rota- 
tional speed of the rotor 961 becomes very low when 
the spring 911 is released, the electromagnetic clutch 
990 moves the engaging parts 991 in directions denoted 
by arrows A so that latching members 992 are engaged 
wHhlhe winding wheel 920 thereby stopping the rotation 



(in a direction denoted by an arrow B) of the winding 
wheel 920 and thus preventing the spring 911 from be- 
ing further released. 

[0335] The latching members 992 are urged by a 

5 Spring or the like against the winding wheel 920 so that 
even when the engaging part 991 are engaged with the 
winding wheel 920, the winding wheel 920 can be rotat- 
ed only in a direction denoted by an arrow C using a 
handle 921 thereby winding the spring 911. 

70 [0336] The audio sound generator 950 may be con- 
structed in a similar form to that employed in conven- 
tional music boxes, f^ore specifically, the audio sound 
generator 950 includes a rotating disk 952 connected to 
a pinion 951 meshing with the step-down wheel 940, 

IS and a musical sound is generated by plucking comb- 
shaped vibration plates 954 by a plurality of pins 953 
disposed on the upper surface of the rotating disk 952. 
[0337] The electric power generator 960 includes a 
rotor 961 and a coil block 962. 

20 [0338] The rotor 961 is composed of a rolor pinion 963 
meshing with the gear 932 of the step-up wheel 930 and 
a rotor magnet 954 which rotates together with the rotor 
pinion 963. 

[0339] The coil block 962 is formed by winding a first 
coil 966 and a second coil 967 around a C-shapcd stator 
965. A pair of core stators 968 are disposed on the sta- 
tor, at locations in the vicinity of the rotor 961 . The stator 
965 and the core stators 968 are made of a plurality of 
plate-shaped members which are placed one on anoth- 

30 er so as to minimize the eddy loss. The first coil 956 is 
used to generate electric power and also to brake the 
electric power generator. The second coll 967 is used 
to detect the rotation of the rotor 961 . 
[0340] The rotation controller 970 is an electronic cir- 

35 cuit constructed in the form of an integrated circuit. As 
' shown in Fig. 30, the rotation controller 970 includes: an 
oscillator 972 for driving a quartz resonator 971; a fre- 
quency divider 973 for generating a reference signal 
with a particular frequency from a clock signal generated 

40 by the oscillator 972; a comparator 974 serving as rota- 
tion detection means, connected to the second coil 967, 
for (^3tecling the rotational speed of the rotor 961 (the 
frequency of an AC output signal) and generating a de- 
tection isignal corresponding to the detected rotational 

45 speed; a synchronous circuit 975 for outputling the de- 
tection signal in synchronization with the reference sig- 
nal; a controlling circuit 976 which compares the detec- 
tion signal oulput from the synchronous circuit 975 with 
the reference signal and outputs a control signal (chop- 

50 ping signal) for braking depending on the comparison 
result; and a braking circuit 977 for controlling the rota- 
tional speed of the rotor 961 of the electric power gen- 
erator 960 in accordance with the control signal output 
from the controlling circuit 976. 

55 [0341] The braking circuit 977 includes a switch 
formed of a transistor or the like which is capable of con- 
necting the ends of the coil 966. that is, the two terminals 
of the electric power generator 969, into a closed loop 
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state, thereby controlling the rotational speed of the 
electric power generator 960. The controlling circuit 976 
selects a chopping signal from two or nnore types of 
chopping signals, which are different in at least either 
duty ratio or frequency, depending on the rotational s 
speed of the rotor 951, and outputs the selected chop- 
ping signal, in a sinnilar manner as in the previous em- 
bodiments described above. Using this chopping signal, 
the braking circuit 977 controls the electric power gen- 
erator 960 in a chopping fashion. io 
[0342] Thus, the braking torque can be increased 
while maintaining the generated voltage at a certain lev- 
el or higher. Therefore, the music box 901 can operate 
for a long period of time. Furthermore, it is possible to 
rotate the electric power generator 950 and thus the disk is 
952 at a fixed rotational speed for a long period of time. 
This allows music to be played at a fixed correct tempo 
tor a long period of time. 

[0343] The present invention may also be applied to 
a melronome. In this case, a wheel for generating a mel- 20 
ronome sound is coupled with a wheel train so that a 
metronome sound is generated at regular lime intervals 
as the wheel rotates. In metronomes, it is required to 
generate a sound at various tempos as required. To this 
end, the period of the reference signal generated by the 2S 
oscillator may be varied by varying the frequency divi- 
sion ratio of the frequency divider. 
[0344] The mechanical energy source is not limited to 
the spring la/ but other types of mechanical energy 
sources such as rubber, a weight, and a fluid such as 30 
compressed air may also be employed depending on a 
specific device to which the present invention is applied. 
Mechanical energy may be stored into the mechanical 
energy source by means of, for example, hand winding, 
a rotating weight, potential energy, atmospheric pres- 35 
sure change, wind force; wave power, hydraulic power, 
temperature difference, etc. 

[0345] The energy transmission device for transmit- 
ting mechanical energy from the mechanical energy 
source such as a spring to the electric power generator 40 
is not limited to the wheel train (gear) employed in the 
embodiments described above; buUother types of de- 
vices such as a friction wheel, belt (timing belt) and pul- 
ley, chain and sprocket wheel, rack and pinion, and cam 
may also be employed depending on a specific electron- 45 
ic device to which the present invention Is applied. 
[0346] The time indication device is not limited to the 
hands 13. 14 and 17, but other types of lime indication 
devices in the form of a circular plate, an annular ring, 
or a semicircle may also be employed. A lime indication so 
device of the digital-indication type using a liquid crystal 
panel or the like may also be employed. A clock using 
such a lime indrcatbn device of the digital-indication 
type also falls within the scope of the present invention. 

55 

[Examples] 

[0347] The effects of the chopping technique have 



been experimentally investigated as follows 
[0348] Experiments were performed using a chopping 
charging circuit 700 shown in Fig. 31. The chopping 
charging circuit 700 includes a 0.1 pF capacitor 201 con- 
nected in series to the coll of the electric power gener- 
ator 20. a 1 mF capacitor 40 connected in parallel to the 
electric power generator 20, and a chopping switch 203. 
Instead of an integrated circuit, a 10 tMl resistor 205 
was employed as a load. Rectifying diodes 301 and 302 
were also used. 

[0349] The charged voltage (generated voltage) 
across the capacitor 40 and the driving torque were 
measured for five different chopping frequencies 25, 50. 
100, 500, and 1000 Hz applied to the switch 203 and 
also for six different frequencies 32. 64, 128, 256, 512, 
and 1 024 Hz, and plotted in Figs. 32 to 35 as a function 
of the duty cycle which is the relative length of the on- 
period of the switch 203. In this measurement, the rota- 
tional speed of the rotor off the electric power generator 
20 was fixed at 10 Hz. 

[0350] The integrated circuit 202 used in the electron- 
ically controlled mechanical clock is usually driven by a 
current of 80 nA and a voltage of 0.8 V In the circuit 700, 
if the capacitor 40 is charged to 0.8 V, a BO nA current 
flows through the 10 MO resistor 205. Therefore, this 
state corresponds to the state in which the integrated 
circuit 202 is driven by the capacitor 40 charged at 0.8 V. 
[0351] As can be seen from the experimental results 
in terms of the chairged voltage shown in Fig. 33 and 35. 
the capacitor 40 was charged to a voltage greater than 
0.8 V except when the chopping frequency is 25 Hz and 
32 Hz. 

[0352] In Figs. 32 and 34. the driving torque of the 
electric power generator 30 measured under the chop- 
ping conditions shown in Fig. 33 and 35 is plotted. Here- 
in, the driving torque refers to a torque which Is needed 
to rotate the electric power generator 20 at 10 Hz. and 
which is equal to the damping torque applied from the 
electric power generator 20 to the spring la. As can be 
seen from Figs. 32 and 34, the increasing rate of the 
driving torque as a function of the duty ratio depends on 
the chopping frequency. However, when the duty ratio 
Is equal to 0.9, the driving torque becomes substantially 
equal for all frequencies. Experiments have indicated 
that similar characteristics to those shown in Figs. 32, 
33, 34, and 35 are obtained at frequencies (8 Hz, for 
example) other than 10 Hz. 

[0353] More specifically, when Ihe chopping frequen- 
cy was set to a value 5 times or more greater than the 
rotation frequency of the rotor, such as 50 Hz or 64Hz, 
the braking performance was improved while obtaining 
a charged voltage equal to or greater than a certain lev- 
el, and thus it has boon demonstrated experimentally 
that the invention is useful. 

[0354] In the case where the chopping frequency is 
set to 25 Hz or 32 Hz, a charged voltage equal to or 
greater than 0.8 V can be obtained if the duty ratio is 
equal to or smaller than 0.80. This means that the chop- 
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ping frequency may also be sel to 25 or 32 Hz, if the 
duty ratio is optimized depending on the frequency. 
[0355] That is. the range of the duty ratio may be prop- 
erly selected depending on the chopping frequency (fre- 
quency of the chopping signal), f^ore specifically, when 
the frequency is within the range from 25 to 1000 Hz, 
the duty ratio for strong braking may be set to a value 
in the range from 0.40 to 0.97, and the duty ratio for weak 
braking may be set to value in the range from 0.01 to 
0.30. 

[0356] Although the measurement was performed for 
f requencies up to 1 024 Hz, it is easily expected that sim- 
ilar effects will be obtained for higher frequencies. How- 
ever, if the frequency is too high, the electric power 
needed by the integrated circuit for the chopping oper- 
ation increased to a very high level, and thus large elec- 
tric power is required to generate electric power. There- 
fore, in practical applications, the upper limit is 
1000-1100 Hz, that is, 100 times the rotation frequency 
ol the rotor. 

[0357] When the rotation frequency of the electric 
power generator 20 (the frequency of the reference sig- 
nal) is set to another value other than 10 Hz, similar 
characteristics to those shown in Figs. 23-35 can be ob- 
tained. Therefore, the rotation frequency can be prop- 
erly selected as required to achieve similar advantages 
depending on a particular application. 
[0358] In the electronic device and the control method 
thereof according to the present invention, the braking 
torque of the electric power generator can be increased 
while maintaining the generated electric power at a cer- 
tain level. 

[0359] Furthermore, in the electronic device and the 
control method thereof according to the present inven- 
tion, when the braking operation is performed using a 
chopping signal, a precise and large enough amount of 
braking torque can be applied in a highly reliable fash- 
ion. This makes it possible to achieve quick response 
and high stability in the control of the rotational speed 
of the electric power generator. 

[0360] In particular, the present invention may be ad- 
vantageously applied to an electronically controlled me- 
chanical clock to achieve high-precision control of the 
rotational speed and high-accuracy time indication. That 
is, a high-accuracy clock can be realized. 



Claims 

1. An electronic device comprising: a mechanical en- 
ergy source; an electric power generator driven by 
said mechanical energy source, for generating 
electric power by means of induction and supplying 
resultant electrical energy; and a rotation controller, 
driven by said electrical energy, for controlling the 
rotation period of said electric power generator, said 
electronic energy source being characterized in that 
said rotation controller comprises: 



a switch capable of connecting two terminals of 
the electric power generator into a closed-loop 

state; 

a chopping signal generator for generating two 
5 or more types of chopping signals which are dif- 

ferent in at least either duty ratio or frequency; 
and 

chopping signal selection means for selecting 
one chopping signal from said two or more 
10 types of chopping signals. 

2. An electronic device according to Claim 1 , wherein: 

said chopping signal generator generates two 
IS or more types of chopping signals which are dif- 

ferent in at least either duty ratio or frequency 
and which are set for strong braking; and 
when a strong braking force is applied to said 
electric power generator, said chopping signal 
selection means applies a chopping signal, se- 
lected from said two or more types of chopping 
signals, to said switch thereby controlling said 
electrical power generator in a chopping fash- 
ion. 

3. An electronic device according to Claim 2, wherein 
said two or more types of chopping signals are set 
such thai they are equal in frequency but different 
in duty ratio. 

4. An electronic device according to Claim 3. wherein 
said two or more types of chopping signals include 
a first chopping signal with a duty ratio in the range 
from 0.75 to 0.85 and a second chopping signal with 
a duty ratio in the range from 0.87 to 0.97. 

5. An electronic device according to Claim 2, wherein 
said two or more types of chopping signals are set 
such that they are equal in duty ratio but different in 
frequency. 

6. An electronic; device according to Claim 5, wherein 
said two or more types of chopping signals include 
a first chopping signal with a frequency in the range 
from 110 to 1100 Hz and a second chopping signal 
with a frequency in the range from 25 to 100 Hz. 

7. An eleclronic device according to Claim 2, wherein 
said two or more types of chopping signals are set 
such that they are different in duty ratio and frequen- 
cy. 

8. An electronic device according to Claim 7, wherein 
said two or more types of chopping signals include 
a first chopping signal having a duty ratio in the 
range from 0.75 to 0.85 and a frequency in the 
range from 110 to 1 100 Hz and a second chopping 
signal having a duty ratio in the range from 0.87 to 
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0. 97 and a frequency in the range from 25 to 1 00 Hz. 

9. An electronic device according to Claim 3 or 4. 
wherein: 

5 

said rotation controller includes priority deter- 
mination means for determining the priority of 
a braking torque applied to the electric power 
generator versus the priority of electric power 
generated by the electric power generator; io 
in the case where said priority determination 
means has determined that a higher priority 
should be given to the braking torque, said 
chopping signal selection means selects a 
chopping signal with a large duty ratio from said is 
two or more types of chopping signals and ap- 
plies the selected chopping signal to said 
switch; and 

in the case where said priority determination 
means has determined thai a higher priority 20 
should be given to the electric power, said 
chopping signal selection means selects a 
chopping signal with a small duty ratio and ap- 
plies the selected chopping signal to said 
switch. 2S 

10. An electronic device according to Claim 5 or 6, 
wherein: 

said rotation controller includes priority deter- 30 
mination means for determining the priority of 
a braking torque applied to the electric power 
generator versus the priority of electric power 
generated by the electric power generator; 
In the case where said priority determination 35 
means has determined that a higher priority 
should be given to the braking torque, said 
chopping signal selection means selects a 
chopping signal with a low frequency from said 
two or more types of chopping signals and ap- 40 
plies the selected chopping signal to said 
switch; and y 

in the case where said priority determiriation 
means has determined that a higher priority 
should be given to the electric power, said 45 
chopping signal selection means selects a 
chopping signal with a high frequency and ap- 
plies Ihe selected chopping signal lo said 
switch. 

so 

11. An electronic device according to Claim 7 or 8, 
wherein: 

said rotation controller includes priority deter- 
mination means for determining the priority of ss 
a braking torque applied to the electric power 
generator versus the priority of electric power 
generated by the electric power generator; 



in the case where said priority determination 
means has determined that a higher priority 
should be given to the braking torque, said 
chopping signal selection means selects a 
chopping signal having a large duty ratio and a 
low frequency from said two or more types of 
chopping signals and applies the selected 
chopping signal to said switch; and 
In the case where said priority determination 
means has determined that a higher priority 
should be given to the electric power, said 
chopping signal selection means selects a 
chopping signal having a small duty ratio and a 
high frequency and applies the selected chop- 
ping signal to said switch. 

12. An electronic device according to one of Claims 9 
to 11 , wherein said priority determination means in- 
cludes a voltage detector for detecting the voltage 
generated by the electric power generator thereby 
determining the priority of the braking torque ap- 
plied to the electric power generator versus the pri- 
ority of the electric power generated by the electric 
power generator. 

13. An electronic device according to one of Claims 9 
to 11 , wherein said priority determination means in- 
cludes a rotation period detector for detecting the 
rotation period of the electric power generator 
thereby determining the priority of the braking 
torque applied to the electric power generator ver- 
sus the priority of the electric power generated by 
the electric power generator. 

14. An electronic device according to one of Claims 9 
to 1 1 , wherein said priority determination means in- 
cludes a braking amount detector for detecting the 
amount of braking applied to the electric power gen- 
erator thereby determining the priority of the braking 
torque applied to the electric power generator ver- 
SLJS the priority of the electric power generated by 
the electric power generator. 

15. An electronic device according to one of Claims 1 
to 14, wherein said rotation controller includes 
chopping signal selection means for selecting a 
chopping signal, which is applied to the switch when 
a strong braking force is applied lo the electric pow- 
er generator, from said two or more types of chop- 
ping signals in accordance with the voltage gener- 
ated by the electric power generator. 

16. An electronic device according to one of Claims 1 
to 14, wherein said rotation controller includes: 

an up/down counter which receives, at Its up 
count input, a rotation detection signal gener- 
ated based on the rotation period of the electric 
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power generator and which also receives, at its 
down count input, a reference signal; and 
chopping signal selection means for selecting 
a chopping signal, which is applied to the switch 
when a strong braking force is applied to the 
electric power generator, from said two or more 
types of chopping signals in accordance with 
the value of said up/down counter. 

17. An electronic device according to one of Claims 1 
to 14. wherein said rotation controller includes 
chopping signal selection means for selecting a 
chopping signal, which is applied to the switch when 
a strong braking force is applied to the electric pow- 
er generator, from said two or more types of chop- 
ping signals in accordance with a braking amount 
represented by the ratio of a braking period to one 
period of a reference signal. 

18. An electronic device according to one o( Claims 1 
to 17. wherein said rotation controller is capable of 
applying not only said strong braking force but also 
a weak braking force to the electric power genera- 
tor, and wherein when the weak braking force is ap- 
plied to the electric power generator, said rotation 
controller applies a chopping signal with a duty ratio 
smaller than the duty ratios of the two or more types 
of chopping signals used to provide the strong brak- 
ing force. 

19. An electronic device according to Claim 1B, wherein 
said chopping signal used to apply the weak braking 
force is a chopping signal with a duty ratio in the 
range from 0.01 to 0.30. 

20. An electronic device according to Claim 1 , wherein: 

said chopping signal generator generates two 
or more types of chopping signals which are dif- 
ferent in at least either duty ratio or frequency 
and which area set for strong and weak braking; 
and 7 
said chopping signal selection means selects 
one chopping signal from said two or more 
types of chopping signals and outputs the se- 
lected chopping signal such that at least either 
the liming of the start of a strong braking period 
during which Ihe chopping signal for strong 
braking is applied to said switch or the timing 
of the start of a weak braking period during 
which the chopping signal for weak braking is 
applied to said switch is synchronous with the 
rotation detection signal associated with the ro- 
tor of the electric power generator, thereby con- 
trolling said electric power generator in a chop- 
ping fashion. 

21 . An electronic device according to Claim 20. wherein 



said chopping signal selection means outputs the 
selected chopping signal such that either the timing 
of switching a chopping signal applied to said switch 
for providing strong braking to a chopping signal for 

5 providing weak braking or the timing of switching a 
chopping signal applied to said switch for providing 
weak braking to a chopping signal for providing 
strong braking is synchronous with said chopping 
signal for providing strong braking or said chopping 

10 signal for providing weak braking. 

22. An electronic device according to Claim 20 or 21 , 
wherein said chopping signal selection means is ca- 
pable of continuously oulputting said chopping sig- 

is nal for providing strong braking over a period of time 
equal to or longer than one period of a reference 
signal. 

23. An electronic device according to one of Claims 1 
20 to 22. wherein: 

said electronic device further comprises first 
and second power supply lines for storing elec- 
trical energy generated by the electric power 

25 generator into a power supply; 

- said switch includes a first switch disposed be- 
tween a first terminal of the electric power gen- 
erator and one of said first and second power 
supply lines and a second switch between a 

30 second terminal of the electric power generator 

and the other one of said first and second power 
supply lines; and 

said rotation controller performs controlling 
such that a switch connected to one of the first 

35 and second terminals of the electric power gen- 

erator is maintained in a closed state and such 
that said chopping signal is applied to the 
switch connected to the other terminal of the 
electric power generator thereby turning it on 

40 and off, 

24. An electronic device according to Claim 23, where- 
in: 

45 said first switch includes a first field effect tran- 

sistor whose gate is connected to the second 
terminal of the electric power generator and a 
second field effect transislor which is connect- 
ed in parallel to said first field effect transistor 

50 and which is turned on and off by said rotation 

controller; and 

said second switch includes a third field effect 
transistor whoso gate is connected to the first 
terminal of the electric power generator and a 
55 fourth field effect transistor which is connected 

in parallel to said third field effect transistor and 
which is turned on and off by said rotation con- 
troller. 
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25. An electronic device according to one of Claims 1 
to 24, wherein said electronic device is an electron- 
ically controlled mechanical clock including a time 
indication device which is rotated by said mechan- 
ical energy in connection with the electric power s 
generator and which is controlled in terms of rota- 
tional speed by said rotation controller 

26. A method of controlling an electronic device com- 
prising: a mechanical energy source; an electric w 
power generator, driven by the mechanical energy 
source, for generating electric power by means of 
induction and supplying resultant electrical energy; 
and a rotation controller, driven by the electrical en- 
ergy, for controlling the rotation period of the electric t5 
power generator, said method being characterized 

in that: 

a chopping signal, selected from two or more 
chopping signals which are different in at least ei- 
ther duly ratio or frequency, is applied to a switch 20 
capable of connecting two terminals of said electric 
power generator into a closed loop state thereby 
controlling said electric power generator In a chop- 
ping fashion. 

25 

27. A method of controlling an electronic device, ac- 
cording to Claim 26, wherein when strong braking 
is applied to said electric power generator, a chop- 
ping signal, selected from two or more chopping sig- 
nals which are different in at least either duty ratio 30 
or frequency and which is set for strong braking, is 
applied to said switch thereby controlling said elec- 
tric power generator in a chopping fashion. 

28. A method of controlling an electronic device, ac- 3S 
cording to Claim 26, wherein: 

said rotation controller includes a chopping sig- 
nal generator for generating two or more types 
of chopping signals which area different in at 
least either duty ratio or frequency and which 
ar^|Set for strong and weak braking; and ^ 
wh'en a rotation detection signal associated 
with the rotor of said electric power generator 
is input, said rotation controller applies said 
chopping signal for strong braking to said 
switch. 
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[FIG. 33] 
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(FIG. 35] 
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(54) Electronic device and method of controlling the same 



(57) The invention provides an electronic device ca- 
pable of increasing a braking torque of an electric power 
generator without causing a significant reduction in elec- 
tric power generated by the electric power generator. 
Preferably; an electronically controlled mechanical 
clock includes an electric power generator 20 for-fon- 
verting mechanical energy transmitted from a spring via 
a wheel train to electrical energy and a rotation controller 
for controlling the rotation period of the electric power 
generator 20. The rotation conlroller includes switches 
21 and 22 capable of connecting two terminals of the 
electric power generator Into a closed loop state, a chop- 
ping signal generator for generating two or more types 
of chopping signals different in duty ratio or frequency 
for use in a strong braking operation, and chopping sig- 
nal selection means 80 for selecting one signal from the 
two or more types of chopping signals, wherein, in the 
strong braking operation, the selected chopping signal 
is applied to the switches so as to control the electric 
power generator in a chopping fashion. The strong brak- 
ing operation is performed in one of two modes such 
that a higher priority is given to generation of electric - 
power or the braking torque depending on the mode 
thereby achieving an increase in the braking torque of 



the electric power generator without causing a signifi- 
cant reduction in the voltage generated by the electric 
power generator 20. 
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